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1. The Higgs mass is ultimately calculable


2. No new symmetries exist below the Planck scale


3. We have extrapolated the Planck mass from low 
energy measurements


4. We have implicitly treated quantum gravity as 
an ordinary quantum field theory where high 
energy particles can leave only very specific 

imprints at low energy.
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Landscape of Higgs Masses
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GENERAL STRUCTURE

<latexit sha1_base64="HDXxWiEZKF+dE+ld0pe52aEL8c0=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS1GXRjZtCRfuAJoTJdNIOnZmEmYlYQn7FjQtF3Poj7vwbp20W2nrgwuGce7n3njBhVGnH+bZKa+sbm1vl7crO7t7+gX1Y7ao4lZh0cMxi2Q+RIowK0tFUM9JPJEE8ZKQXTm5mfu+RSEVj8aCnCfE5GgkaUYy0kQK72gruoccYbAWZJzlsszywa07dmQOuErcgNVCgHdhf3jDGKSdCY4aUGrhOov0MSU0xI3nFSxVJEJ6gERkYKhAnys/mt+fw1ChDGMXSlNBwrv6eyBBXaspD08mRHqtlbyb+5w1SHV35GRVJqonAi0VRyqCO4SwIOKSSYM2mhiAsqbkV4jGSCGsTV8WE4C6/vEq653X3ot64a9Sa10UcZXAMTsAZcMElaIJb0AYdgMETeAav4M3KrRfr3fpYtJasYuYI/IH1+QOvz5OW</latexit>

MS ⌧ MPl



An event triggered by the 
symmetric sector selects 

the observed 

<latexit sha1_base64="/22xexMNoWN4UWunZB+AbJccOw8=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewiUY9ELx4xcYEEVtItXWhou5u2a0I2/AYvHjTGqz/Im//GAntQ8CWTvLw3k5l5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8epItQnMY9VJ8Saciapb5jhtJMoikXIaTsc38789hNVmsXywUwSGgg8lCxiBBsr+aI/eqz1yxW36s6BVomXkwrkaPbLX71BTFJBpSEca9313MQEGVaGEU6npV6qaYLJGA9p11KJBdVBNj92is6sMkBRrGxJg+bq74kMC60nIrSdApuRXvZm4n9eNzXRdZAxmaSGSrJYFKUcmRjNPkcDpigxfGIJJorZWxEZYYWJsfmUbAje8surpFWrepfVi/t6pXGTx1GEEziFc/DgChpwB03wgQCDZ3iFN0c6L86787FoLTj5zDH8gfP5A3fNjng=</latexit>

m2
h

Symmetric Sector

SM Landscape

<latexit sha1_base64="HDXxWiEZKF+dE+ld0pe52aEL8c0=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS1GXRjZtCRfuAJoTJdNIOnZmEmYlYQn7FjQtF3Poj7vwbp20W2nrgwuGce7n3njBhVGnH+bZKa+sbm1vl7crO7t7+gX1Y7ao4lZh0cMxi2Q+RIowK0tFUM9JPJEE8ZKQXTm5mfu+RSEVj8aCnCfE5GgkaUYy0kQK72gruoccYbAWZJzlsszywa07dmQOuErcgNVCgHdhf3jDGKSdCY4aUGrhOov0MSU0xI3nFSxVJEJ6gERkYKhAnys/mt+fw1ChDGMXSlNBwrv6eyBBXaspD08mRHqtlbyb+5w1SHV35GRVJqonAi0VRyqCO4SwIOKSSYM2mhiAsqbkV4jGSCGsTV8WE4C6/vEq653X3ot64a9Sa10UcZXAMTsAZcMElaIJb0AYdgMETeAav4M3KrRfr3fpYtJasYuYI/IH1+QOvz5OW</latexit>

MS ⌧ MPl



[Agrawal, Barr, Donoghue, Seckel ’97]

Symmetric Sector
SM Landscape

<latexit sha1_base64="dWfsYM3IHT/a0IuTETF53vHkihI=">AAACCHicbVDNS8MwHE39nPOr6tGDwSF4Gq2KehzOgweFDdwHrKWkabqFJW1JUmGUHr34r3jxoIhX/wRv/jdmWw+6+SDw8t77kfyenzAqlWV9GwuLS8srq6W18vrG5ta2ubPblnEqMGnhmMWi6yNJGI1IS1HFSDcRBHGfkY4/rI/9zgMRksbRvRolxOWoH9GQYqS05JkHzq0OB8jLHMFhs36dO4zBu+m1wXLPrFhVawI4T+yCVECBhmd+OUGMU04ihRmSsmdbiXIzJBTFjORlJ5UkQXiI+qSnaYQ4kW42WSSHR1oJYBgLfSIFJ+rviQxxKUfc10mO1EDOemPxP6+XqvDSzWiUpIpEePpQmDKoYjhuBQZUEKzYSBOEBdV/hXiABMJKd1fWJdizK8+T9knVPq+eNs8qtauijhLYB4fgGNjgAtTADWiAFsDgETyDV/BmPBkvxrvxMY0uGMXMHvgD4/MHqp6ZHw==</latexit>

⇤QCD ⌧ MPl

<latexit sha1_base64="xoKBqbnO1HC/3c5W6pNoGBtfFZk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh6L9eCxBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaDcW3mt5+o0iySD2YSU1/goWQhI9hY6THtKYEatbtpv1hyy+4caJV4GSlBhnq/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/ODp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMT3vgpk3FiqCSLRWHCkYnQ7Hs0YIoSwyeWYKKYvRWREVaYGJtRwYbgLb+8SloXZe+qfNmolKq3WRx5OIFTOAcPrqEK91CHJhAQ8Ayv8OYo58V5dz4WrTknmzmGP3A+fwA1OZAH</latexit>

QCD
“Friendly”


String Landscape?
[Arakni-Hamed, Dimopoulos, Kachru, ‘05]

EXAMPLE 1: ANTHROPIC ARGUMENTS

<latexit sha1_base64="bdIFcOcXq7UuZxg92ZlsgIcVFZ0=">AAAB8nicbVDLSsNAFJ34rPVVdelmsAh1YUnE17LoxmUF+4A0lMl00g6dTNKZGzGEfoYbF4q49Wvc+TdO2yy09cCFwzn3cu89fiy4Btv+tpaWV1bX1gsbxc2t7Z3d0t5+U0eJoqxBIxGptk80E1yyBnAQrB0rRkJfsJY/vJ34rUemNI/kA6Qx80LSlzzglICR3FY3G43GlafT9KRbKttVewq8SJyclFGOerf01elFNAmZBCqI1q5jx+BlRAGngo2LnUSzmNAh6TPXUElCpr1sevIYHxulh4NImZKAp+rviYyEWqehbzpDAgM9703E/zw3geDay7iME2CSzhYFicAQ4cn/uMcVoyBSQwhV3NyK6YAoQsGkVDQhOPMvL5LmWdW5rF7cn5drN3kcBXSIjlAFOegK1dAdqqMGoihCz+gVvVlgvVjv1sesdcnKZw7QH1ifP8lekPE=</latexit>

Wqq(x� y)



<latexit sha1_base64="P1NgnwBPGqiIGkvBGqASxu3c5GA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qBehKojHCvZD2hA2m027dLMJuxuhhP4KLx4U8erP8ea/cdvmoK0PBh7vzTAzz084U9q2v63C0vLK6lpxvbSxubW9U97da6k4lYQ2Scxj2fGxopwJ2tRMc9pJJMWRz2nbH95M/PYTlYrF4kGPEupGuC9YyAjWRnq89WqXAbryTr1yxa7aU6BF4uSkAjkaXvmrF8QkjajQhGOluo6daDfDUjPC6bjUSxVNMBniPu0aKnBElZtNDx6jI6MEKIylKaHRVP09keFIqVHkm84I64Ga9ybif1431eGFmzGRpJoKMlsUphzpGE2+RwGTlGg+MgQTycytiAywxESbjEomBGf+5UXSOqk6Z9XT+1qlfp3HUYQDOIRjcOAc6nAHDWgCgQie4RXeLGm9WO/Wx6y1YOUz+/AH1ucPEc+PSQ==</latexit>

F4 = dA3

<latexit sha1_base64="gCBkGPRXZ2IGfl+m2kYV3a8m1Gw="></latexit>

S �
Z

d4x
p
�g

✓
F 2
4

48
+M2

Pl(�1 +
F 2
4

M2
Pl

+ ...)|�|2 + ...

◆
+ q(�)

Z
d3⇠Aµ⌫⇢

@xµ

@⇠a
@x⌫

@⇠b
@x⇢

@⇠c
✏abc

EXAMPLE 2: STATISTICAL ARGUMENTS

[Dvali, Vilenkin ’03], [Dvali ’04]



<latexit sha1_base64="s7HDOsQPqUAn7uqopA4dVt7ZY3w=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAR68KSVFE3QtGNG0sFe4EmLZPppB06uTgzEUrII7jxVdy4UMStS3e+jZM2C63+MPDxn3M4c34nZFRIw/jScnPzC4tL+eXCyura+oa+udUUQcQxaeCABbztIEEY9UlDUslIO+QEeQ4jLWd0mdZb94QLGvi3chwS20MDn7oUI6msnr5/V7LCIT04t1yOcJxyt5bE173Y4h6ss6Qb1w4rSdLTi0bZmAj+BTODIshU7+mfVj/AkUd8iRkSomMaobRjxCXFjCQFKxIkRHiEBqSj0EceEXY8OSiBe8rpQzfg6vkSTtyfEzHyhBh7jur0kByK2Vpq/lfrRNI9s2Pqh5EkPp4uciMGZQDTdGCfcoIlGytAmFP1V4iHSCUjVYYFFYI5e/JfaFbK5kn56Oa4WL3I4siDHbALSsAEp6AKrkAdNAAGD+AJvIBX7VF71t6092lrTstmtsEvaR/fS0OcxA==</latexit>

q(�) =
�N

MN�2
Pl

At every step the brane charge is smaller 
-> most vacua are at small vev

<latexit sha1_base64="WPx4eNRcn3ruL6ZDl1VZ6xTqfB8=">AAACN3icbVDLSgMxFM34rPVVdekmWAQ31pkq6rKoC1elgn1AZyyZ9LYNzWSGJCOUoX/lxt9wpxsXirj1D0zbWWjbA4HDOedyc48fcaa0bb9aC4tLyyurmbXs+sbm1nZuZ7emwlhSqNKQh7LhEwWcCahqpjk0Igkk8DnU/f71yK8/glQsFPd6EIEXkK5gHUaJNlIrV3ZvgGuCXU5El4Mb9Zgrx/SheDJPxK5iwbx4Uj4uDlu5vF2wx8CzxElJHqWotHIvbjukcQBCU06Uajp2pL2ESM0oh2HWjRVEhPZJF5qGChKA8pLx3UN8aJQ27oTSPKHxWP07kZBAqUHgm2RAdE9NeyNxnteMdefSS5iIYg2CThZ1Yo51iEcl4jaTQDUfGEKoZOavmPaIJFSbqrOmBGf65FlSKxac88Lp3Vm+dJXWkUH76AAdIQddoBK6RRVURRQ9oTf0gT6tZ+vd+rK+J9EFK53ZQ/9g/fwC11mtHw==</latexit>

�h�i2/h�i2 ⇠ h�iN�2

EXAMPLE 2: STATISTICAL ARGUMENTS

[Dvali, Vilenkin ’03], [Dvali ’04]



Symmetric Sector
SM Landscape

EXAMPLE 2: STATISTICAL ARGUMENTS

<latexit sha1_base64="wNKLrJ4BpSRl5HM9Lu6hjiotD+c=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYhNmE3iloGbWyECOYB2XWZnUySITOz68ysEJY0Nv6KjYUitv6DnX/jJNlCEw9cOJxzL/feE8aMKu0431ZuYXFpeSW/Wlhb39jcsrd3GipKJCZ1HLFItkKkCKOC1DXVjLRiSRAPGWmGg8ux33wgUtFI3OphTHyOeoJ2KUbaSIG9f1/y4j498hhRSlEOr4PUkxzW2OiuEthFp+xMAOeJm5EiyFAL7C+vE+GEE6ExQ0q1XSfWfoqkppiRUcFLFIkRHqAeaRsqECfKTydfjOChUTqwG0lTQsOJ+nsiRVypIQ9NJ0e6r2a9sfif105099xPqYgTTQSeLuomDOoIjiOBHSoJ1mxoCMKSmlsh7iOJsDbBFUwI7uzL86RRKbun5eObk2L1IosjD/bAASgBF5yBKrgCNVAHGDyCZ/AK3qwn68V6tz6mrTkrm9kFf2B9/gCAApfx</latexit>

q(�) . M2
Pl

[Dvali, Vilenkin ’03], [Dvali ’04]

<latexit sha1_base64="zuWFsz2QfO29S4TK6Ipv2w9pty4=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbFqEfUi0eM8khgQ2aHBibMzm5mZk3Ihk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3n1BpHslHM47RD+lA8j5n1Fjp4bpb6RZLbtmdgSwTLyMlyFDrFr86vYglIUrDBNW67bmx8VOqDGcCJ4VOojGmbEQH2LZU0hC1n85OnZATq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo36XGFzIixJZQpbm8lbEgVZcamU7AheIsvL5PGWdm7KFfuz0vVmyyOPBzBMZyCB5dQhTuoQR0YDOAZXuHNEc6L8+58zFtzTjZzCH/gfP4AvXuNcw==</latexit>

A3

<latexit sha1_base64="RvdtOhRreEtl0e2x1bU48Jp+188=">AAACFXicbVDLSsNAFJ3Ud31FXboZLIKglqSKuvSxcaNUsFpoYphMJ+3QySTMTIQy5Cfc+CtuXCjiVnDn3zitWWjrgQuHc+7l3nvClFGpHOfLKk1MTk3PzM6V5xcWl5btldUbmWQCkwZOWCKaIZKEUU4aiipGmqkgKA4ZuQ17ZwP/9p4ISRN+rfop8WPU4TSiGCkjBfaOFwmEtZd26d1lri8C7YkY1ll+py93a3nuUa4CXdt285NgL7ArTtUZAo4TtyAVUKAe2J9eO8FZTLjCDEnZcp1U+RoJRTEjednLJEkR7qEOaRnKUUykr4df5XDTKG0YJcIUV3Co/p7QKJayH4emM0aqK0e9gfif18pUdORrytNMEY5/FkUZgyqBg4hgmwqCFesbgrCg5laIu8jEpEyQZROCO/ryOLmpVd2D6t7VfuX4tIhjFqyDDbAFXHAIjsE5qIMGwOABPIEX8Go9Ws/Wm/X+01qyipk18AfWxzcOyp65</latexit>

�N

MN�2
Pl

Z

2+1
A3

<latexit sha1_base64="O2xakEXcM6PYAOsUYlzu1aZjJHQ=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiS1qMuiIG6ECvYBTRom00k7dDIJMxOhpN278VfcuFDErT/gzr9x2mahrQcunDnnXube48eMSmVZ30ZuZXVtfSO/Wdja3tndM/cPmjJKBCYNHLFItH0kCaOcNBRVjLRjQVDoM9Lyh1dTv/VAhKQRv1ejmLgh6nMaUIyUljyz6AQC4fTaq3Yrk/TWSx0Rwjqb6NfYiQd03K14ZskqWzPAZWJnpAQy1D3zy+lFOAkJV5ghKTu2FSs3RUJRzMik4CSSxAgPUZ90NOUoJNJNZ7dM4LFWejCIhC6u4Ez9PZGiUMpR6OvOEKmBXPSm4n9eJ1HBhZtSHieKcDz/KEgYVBGcBgN7VBCs2EgThAXVu0I8QDocpeMr6BDsxZOXSbNSts/Kp3fVUu0yiyMPjkARnAAbnIMauAF10AAYPIJn8ArejCfjxXg3PuatOSObOQR/YHz+AJoAmsg=</latexit>

F 2
4

M2
Pl

|�|2



<latexit sha1_base64="SMvEB0kbA7BvuzMpUXRDZSIw/i8="></latexit>

V (�) = g�+ ...+ (M2 + g�+ ...)|H|2 + �

f
G eG

EXAMPLE 3: DYNAMICAL ARGUMENTS

[Graham, Kaplan, Rajendran ’15],



Symmetric Sector
SM Landscape

EXAMPLE 3: DYNAMICAL ARGUMENTS

[Graham, Kaplan, Rajendran ’15],

<latexit sha1_base64="PKP/G/k7PwOhGBALkdr6Fd5PpYs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5V/fKhUWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWJI5H</latexit>

�

<latexit sha1_base64="y27v6R9X3oFqSupLast54h4OKdY=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRW1GXRjRuhgn1AE8NkOmmHzkzCzEQsIb/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7T5gwqrTjfFulldW19Y3yZmVre2d3z96vdlScSkzaOGax7IVIEUYFaWuqGeklkiAeMtINx9dTv/tIpKKxuNeThPgcDQWNKEbaSIFdHUKPMXgbZJ7ksMXyh0Zg15y6MwNcJm5BaqBAK7C/vEGMU06Exgwp1XedRPsZkppiRvKKlyqSIDxGQ9I3VCBOlJ/Nbs/hsVEGMIqlKaHhTP09kSGu1ISHppMjPVKL3lT8z+unOrr0MyqSVBOB54uilEEdw2kQcEAlwZpNDEFYUnMrxCMkEdYmrooJwV18eZl0Tuvueb1xd1ZrXhVxlMEhOAInwAUXoAluQAu0AQZP4Bm8gjcrt16sd+tj3lqyipkD8AfW5w+mipOO</latexit>

g ⌧ M3
Pl

<latexit sha1_base64="7aKf31yYcyBywIQXksnYUcLtDas=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KoqMeih3qsYD+gCWWzmbZLN5uwu1FL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrK6tbxQ3S1vbO7t79n65peJUUmjSmMeyExAFnAloaqY5dBIJJAo4tIPRzdRvP4BULBb3epyAH5GBYH1GiTZSzy57yZDhuvfIQtCMh4DrPbviVJ0Z8DJxc1JBORo9+8sLY5pGIDTlRKmu6yTaz4jUjHKYlLxUQULoiAyga6ggESg/m90+wcdGCXE/lqaExjP190RGIqXGUWA6I6KHatGbiv953VT3r/yMiSTVIOh8UT/lWMd4GgQOmQSq+dgQQiUzt2I6JJJQbeIqmRDcxZeXSeu06l5Uz+7OK7XrPI4iOkRH6AS56BLV0C1qoCai6Ak9o1f0Zk2sF+vd+pi3Fqx85gD9gfX5AzWlk+k=</latexit>

�G eG
<latexit sha1_base64="KPSRKfjTYBYNVfxjGvDDqB0LBuU=">AAAB83icbVBNTwIxEJ3FL8Qv1KOXRmLiieyiUY9ELxwxkY+EXUm3FGjodpu2a0IW/oYXDxrj1T/jzX9jgT0o+JJJXt6bycy8UHKmjet+O7m19Y3Nrfx2YWd3b/+geHjU1HGiCG2QmMeqHWJNORO0YZjhtC0VxVHIaSsc3c381hNVmsXiwYwlDSI8EKzPCDZW8gfIl0OGJrXJY6VbLLlldw60SryMlCBDvVv88nsxSSIqDOFY647nShOkWBlGOJ0W/ERTickID2jHUoEjqoN0fvMUnVmlh/qxsiUMmqu/J1IcaT2OQtsZYTPUy95M/M/rJKZ/E6RMyMRQQRaL+glHJkazAFCPKUoMH1uCiWL2VkSGWGFibEwFG4K3/PIqaVbK3lX54v6yVL3N4sjDCZzCOXhwDVWoQR0aQEDCM7zCm5M4L86787FozTnZzDH8gfP5Aw5skQ4=</latexit>

g�|H|2



DynamicalAnthropic

Observers

Landscape at Cosmologically Late Times

Statistical

= measured Higgs mass



Statistical Selection
[Dvali, Vilenkin ’03], [Dvali ’04], 
[Geller, Hochberg, Kuflik,’18], 

[Giudice, McCullough, You, ’21],

…

Dynamical Selection

[Graham, Rajendran, Kaplan, ’15], 
[Arkani-Hamed, Cohen, RTD, Kim, 

Pinner, ’16], [Csaki, RTD, Geller, 
Ismail, ’20], [Strumia, Teresi, ’20], 

[RTD, Teresi, ’21],

…

Anthropic Selection

[Agrawal, Barr, Donoghue, Seckel 
’97],[Arvanitaki, Dimopoulos, 

Gorbenko, Huang, Van Tilburg ’16], 

[Arkani-Hamed, RTD, Kim, ‘20], 


[Giudice, Kehagias, Riotto, ’20],

…



PART 3: 

BUILD IT AND DETECT IT



Symmetric Sector

SM Landscape

GENERAL STRUCTURE

<latexit sha1_base64="HDXxWiEZKF+dE+ld0pe52aEL8c0=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS1GXRjZtCRfuAJoTJdNIOnZmEmYlYQn7FjQtF3Poj7vwbp20W2nrgwuGce7n3njBhVGnH+bZKa+sbm1vl7crO7t7+gX1Y7ao4lZh0cMxi2Q+RIowK0tFUM9JPJEE8ZKQXTm5mfu+RSEVj8aCnCfE5GgkaUYy0kQK72gruoccYbAWZJzlsszywa07dmQOuErcgNVCgHdhf3jDGKSdCY4aUGrhOov0MSU0xI3nFSxVJEJ6gERkYKhAnys/mt+fw1ChDGMXSlNBwrv6eyBBXaspD08mRHqtlbyb+5w1SHV35GRVJqonAi0VRyqCO4SwIOKSSYM2mhiAsqbkV4jGSCGsTV8WE4C6/vEq653X3ot64a9Sa10UcZXAMTsAZcMElaIJb0AYdgMETeAav4M3KrRfr3fpYtJasYuYI/IH1+QOvz5OW</latexit>

MS ⌧ MPl



SM Landscape

THE LANDSCAPE

1. Multiverse


2. Time Series


3. SM Copies 



SM Landscape

THE LANDSCAPE

1. Multiverse


2. Time Series


3. SM Copies 



Caveats on eternal inflation, dS and AdS 
vacua:

[Dvali ’21],[Dvali, Gomez ’13-’14],
[Dvali, Gomez, Zell ’17], [Dvali ‘20]

[Ooguri, Vafa ’06], [Garg, Krishnan ’18],
[Obied, Ooguri, Spodyneiko, Vafa ’18], 

[Ooguri, Palti, Shiu, Vafa ’18]

Swampland Program

G. Dvali’s Talk



THE MULTIVERSE OUTSIDE OF THE SWAMPLAND?

<latexit sha1_base64="hAZtueLxSUq73pb552X0Z3K8CEY="></latexit>

V0(�) =
�

8

✓
�2 � µ2

�

◆2

<latexit sha1_base64="HWCtO5ICh93u0q6G0XWBQnkDEGY="></latexit>

�V ⌘ V1(�+)� V1(��) = ✏V0(0) = ✏
µ4

8�
' ✏M4

Pl



THE MULTIVERSE OUTSIDE OF THE SWAMPLAND?

<latexit sha1_base64="3cQnqhdE1Z+FCxa5dokq9rkGG8g="></latexit>

�

V
' M4

Ple
�27⇡2 �4

2�V 3
1

(1+⇢̄20/4⇤2)2 , ✏ ⌧ 40/3

COLEMAN-DE LUCCIA



THE MULTIVERSE OUTSIDE OF THE SWAMPLAND?

ONE BUBBLE: 

<latexit sha1_base64="Pz+CNwr5onwqMUUAyAcImGYk4SA="></latexit>

Ne '
12288⇡2

�

✏(8 + 3✏�)2
+ 4 log

HI

MPl
' 105

✏(8 + 3✏)2

ONE TUNED BUBBLE: 

<latexit sha1_base64="COjMOoYv35Z7/DJH50BAd2TRqWU=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoMgCGFX4+MY9OJJIpgHJEuYnXSSITOzm5nZQFjyHV48KOLVj/Hm3zhJ9qCJBQ1FVTfdXUHEmTau++1kVlbX1jeym7mt7Z3dvfz+QU2HsaJQpSEPVSMgGjiTUDXMcGhECogIONSDwd3Ur49AaRbKJzOOwBekJ1mXUWKs5Lc0EzDEF6Wzhza08wW36M6Al4mXkgJKUWnnv1qdkMYCpKGcaN303Mj4CVGGUQ6TXCvWEBE6ID1oWiqJAO0ns6Mn+MQqHdwNlS1p8Ez9PZEQofVYBLZTENPXi95U/M9rxqZ74ydMRrEBSeeLujHHJsTTBHCHKaCGjy0hVDF7K6Z9ogg1NqecDcFbfHmZ1M6L3lXx8rFUKN+mcWTRETpGp8hD16iM7lEFVRFFQ/SMXtGbM3JenHfnY96acdKZQ/QHzucPejuRRQ==</latexit>' 34 +Ne
<latexit sha1_base64="wiJw0x2gz/2boKu+0emxzJu+9Hw=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoMgCGFXEvUY9OJJIpgHJGuYnfQmQ2Zm15lZJSz5Dy8eFPHqv3jzb5w8DppY0FBUddPdFcScaeO6305maXlldS27ntvY3Nreye/u1XWUKAo1GvFINQOigTMJNcMMh2asgIiAQyMYXI39xiMozSJ5Z4Yx+IL0JAsZJcZK923NBDxgr1w6uelAJ19wi+4EeJF4M1JAM1Q7+a92N6KJAGkoJ1q3PDc2fkqUYZTDKNdONMSEDkgPWpZKIkD76eTqET6ySheHkbIlDZ6ovydSIrQeisB2CmL6et4bi/95rcSEF37KZJwYkHS6KEw4NhEeR4C7TAE1fGgJoYrZWzHtE0WosUHlbAje/MuLpH5a9M6K5dtSoXI5iyOLDtAhOkYeOkcVdI2qqIYoUugZvaI358l5cd6dj2lrxpnN7KM/cD5/APBOkYI=</latexit>' 154 +Ne



THE MULTIVERSE OUTSIDE OF THE SWAMPLAND?

MODELS OF (NEW) INFLATION WITHOUT SUPER-PLANCKIAN EXCURSIONS: 

Multi-field inflation [1905.07495], [1906.05772], …

Flat Potentials [1911.09050], …

Particle Production

CAN THEY ACCOMMODATE ENOUGH E-FOLDS?

[RTD, G. Rigo, L. Wang, in progress]

https://arxiv.org/abs/1911.09050


SM Landscape

THE LANDSCAPE

1. Multiverse


2. Time Series


3. SM Copies 



SM Landscape

THE LANDSCAPE

1. Multiverse


2. Time Series


3. SM Copies 



THE LANDSCAPE

1. Multiverse


2. Time Series


3. SM Copies 
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[Arkani-Hamed, Cohen, RTD, Hook, Kim, Pinner ’16]

Nnaturalness



Symmetric Sector

SYMMETRIC SECTOR

<latexit sha1_base64="HDXxWiEZKF+dE+ld0pe52aEL8c0=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS1GXRjZtCRfuAJoTJdNIOnZmEmYlYQn7FjQtF3Poj7vwbp20W2nrgwuGce7n3njBhVGnH+bZKa+sbm1vl7crO7t7+gX1Y7ao4lZh0cMxi2Q+RIowK0tFUM9JPJEE8ZKQXTm5mfu+RSEVj8aCnCfE5GgkaUYy0kQK72gruoccYbAWZJzlsszywa07dmQOuErcgNVCgHdhf3jDGKSdCY4aUGrhOov0MSU0xI3nFSxVJEJ6gERkYKhAnys/mt+fw1ChDGMXSlNBwrv6eyBBXaspD08mRHqtlbyb+5w1SHV35GRVJqonAi0VRyqCO4SwIOKSSYM2mhiAsqbkV4jGSCGsTV8WE4C6/vEq653X3ot64a9Sa10UcZXAMTsAZcMElaIJb0AYdgMETeAav4M3KrRfr3fpYtJasYuYI/IH1+QOvz5OW</latexit>

MS ⌧ MPl

Non-dynamical 4-form

New Light Scalar 
<latexit sha1_base64="j9Ij8lUGWlXjaRs0VBNytCnMrX8=">AAACBnicbVDLSgMxFM3UV62vqksRgkWomzojRV0W3XThooJ9QGccMplMG5pkhiRTKKUrN/6KGxeKuPUb3Pk3pu0stHogcDjnHm7uCRJGlbbtLyu3tLyyupZfL2xsbm3vFHf3WipOJSZNHLNYdgKkCKOCNDXVjHQSSRAPGGkHg+up3x4SqWgs7vQoIR5HPUEjipE2kl885L6b9Cl0FeVwCMvDU/fGpEPk10/ujV+yK/YM8C9xMlICGRp+8dMNY5xyIjRmSKmuYyfaGyOpKWZkUnBTRRKEB6hHuoYKxInyxrMzJvDYKCGMYmme0HCm/kyMEVdqxAMzyZHuq0VvKv7ndVMdXXpjKpJUE4Hni6KUQR3DaScwpJJgzUaGICyp+SvEfSQR1qa5ginBWTz5L2mdVZzzSvW2WqpdZXXkwQE4AmXggAtQA3XQAE2AwQN4Ai/g1Xq0nq03630+mrOyzD74BevjG035l8A=</latexit>

m� ⇠ v(v/⇤H)n

[Dvali, Vilenkin ’03], [Dvali ’04],
[Giudice, Kehagias, Riotto, ’20],


…

[Graham, Rajendran, Kaplan, ’15], 
[Arkani-Hamed, Cohen, RTD, Kim, Pinner, 

’16], [Csaki, RTD, Geller, Ismail, ’20], 
[Strumia, Teresi, ’20], [RTD, Teresi, ’21],


[Geller, Hochberg, Kuflik,’18], [Giudice, 
McCullough, You, ’21]


…



<latexit sha1_base64="j9Ij8lUGWlXjaRs0VBNytCnMrX8=">AAACBnicbVDLSgMxFM3UV62vqksRgkWomzojRV0W3XThooJ9QGccMplMG5pkhiRTKKUrN/6KGxeKuPUb3Pk3pu0stHogcDjnHm7uCRJGlbbtLyu3tLyyupZfL2xsbm3vFHf3WipOJSZNHLNYdgKkCKOCNDXVjHQSSRAPGGkHg+up3x4SqWgs7vQoIR5HPUEjipE2kl885L6b9Cl0FeVwCMvDU/fGpEPk10/ujV+yK/YM8C9xMlICGRp+8dMNY5xyIjRmSKmuYyfaGyOpKWZkUnBTRRKEB6hHuoYKxInyxrMzJvDYKCGMYmme0HCm/kyMEVdqxAMzyZHuq0VvKv7ndVMdXXpjKpJUE4Hni6KUQR3DaScwpJJgzUaGICyp+SvEfSQR1qa5ginBWTz5L2mdVZzzSvW2WqpdZXXkwQE4AmXggAtQA3XQAE2AwQN4Ai/g1Xq0nq03630+mrOyzD74BevjG035l8A=</latexit>

m� ⇠ v(v/⇤H)n

SYMMETRIC SECTOR



<latexit sha1_base64="j9Ij8lUGWlXjaRs0VBNytCnMrX8=">AAACBnicbVDLSgMxFM3UV62vqksRgkWomzojRV0W3XThooJ9QGccMplMG5pkhiRTKKUrN/6KGxeKuPUb3Pk3pu0stHogcDjnHm7uCRJGlbbtLyu3tLyyupZfL2xsbm3vFHf3WipOJSZNHLNYdgKkCKOCNDXVjHQSSRAPGGkHg+up3x4SqWgs7vQoIR5HPUEjipE2kl885L6b9Cl0FeVwCMvDU/fGpEPk10/ujV+yK/YM8C9xMlICGRp+8dMNY5xyIjRmSKmuYyfaGyOpKWZkUnBTRRKEB6hHuoYKxInyxrMzJvDYKCGMYmme0HCm/kyMEVdqxAMzyZHuq0VvKv7ndVMdXXpjKpJUE4Hni6KUQR3DaScwpJJgzUaGICyp+SvEfSQR1qa5ginBWTz5L2mdVZzzSvW2WqpdZXXkwQE4AmXggAtQA3XQAE2AwQN4Ai/g1Xq0nq03630+mrOyzD74BevjG035l8A=</latexit>

m� ⇠ v(v/⇤H)n

SYMMETRIC SECTOR

<latexit sha1_base64="mhln3RJCLxf2UCB6K7SetggljCM="></latexit>

V� � m2
�M

2
⇤

✓
�

M⇤

◆m <latexit sha1_base64="RdMXr/SVWnXXhH1PEVNeNdlJavk="></latexit>

VhHi� ' µ2M2
⇤

✓
�

M⇤

◆n ṽ2q�jhhij

⇤2q
H



<latexit sha1_base64="5ULa8xuTUEeZWx7GdthCUfmqMZw=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARWiglkaIui266rGBToQlhMp20QycXZyaFEvISbnwVNy4UcSu4822ctFlo6w8DH/85hzPn92JGhTSMb620tr6xuVXeruzs7u0f6IdHlogSjkkPRyzi9x4ShNGQ9CSVjNzHnKDAY6TvTW7yen9KuKBReCdnMXECNAqpTzGSynL1hu1zhFOrZsdjWs9Sy01zgp1s7jTgtJ5BW9CAPEDT1atG05gLroJZQBUU6rr6lz2McBKQUGKGhBiYRiydFHFJMSNZxU4EiRGeoBEZKAxRQISTzq/K4JlyhtCPuHqhhHP390SKAiFmgac6AyTHYrmWm//VBon0r5yUhnEiSYgXi/yEQRnBPCI4pJxgyWYKEOZU/RXiMVIxSRVkRYVgLp+8CtZ507xotm5b1fZ1EUcZnIBTUAMmuARt0AFd0AMYPIJn8AretCftRXvXPhatJa2YOQZ/pH3+ALkcneY=</latexit>

V (�)

V�H(�, v)
' 1

Selects the observed Higgs mass

SYMMETRIC SECTOR

Notable exception: SOL [Giudice, McCullough, You, ’21]




<latexit sha1_base64="5ULa8xuTUEeZWx7GdthCUfmqMZw=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARWiglkaIui266rGBToQlhMp20QycXZyaFEvISbnwVNy4UcSu4822ctFlo6w8DH/85hzPn92JGhTSMb620tr6xuVXeruzs7u0f6IdHlogSjkkPRyzi9x4ShNGQ9CSVjNzHnKDAY6TvTW7yen9KuKBReCdnMXECNAqpTzGSynL1hu1zhFOrZsdjWs9Sy01zgp1s7jTgtJ5BW9CAPEDT1atG05gLroJZQBUU6rr6lz2McBKQUGKGhBiYRiydFHFJMSNZxU4EiRGeoBEZKAxRQISTzq/K4JlyhtCPuHqhhHP390SKAiFmgac6AyTHYrmWm//VBon0r5yUhnEiSYgXi/yEQRnBPCI4pJxgyWYKEOZU/RXiMVIxSRVkRYVgLp+8CtZ507xotm5b1fZ1EUcZnIBTUAMmuARt0AFd0AMYPIJn8AretCftRXvXPhatJa2YOQZ/pH3+ALkcneY=</latexit>

V (�)

V�H(�, v)
' 1

SYMMETRIC SECTOR

<latexit sha1_base64="cP8qo/C0tFcqmRf13mJcCz384zs="></latexit>

m2
�

µ2
' ṽ2q�jvj

⇤2q
H

. v2q

⇤2q
H



<latexit sha1_base64="5ULa8xuTUEeZWx7GdthCUfmqMZw=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARWiglkaIui266rGBToQlhMp20QycXZyaFEvISbnwVNy4UcSu4822ctFlo6w8DH/85hzPn92JGhTSMb620tr6xuVXeruzs7u0f6IdHlogSjkkPRyzi9x4ShNGQ9CSVjNzHnKDAY6TvTW7yen9KuKBReCdnMXECNAqpTzGSynL1hu1zhFOrZsdjWs9Sy01zgp1s7jTgtJ5BW9CAPEDT1atG05gLroJZQBUU6rr6lz2McBKQUGKGhBiYRiydFHFJMSNZxU4EiRGeoBEZKAxRQISTzq/K4JlyhtCPuHqhhHP390SKAiFmgac6AyTHYrmWm//VBon0r5yUhnEiSYgXi/yEQRnBPCI4pJxgyWYKEOZU/RXiMVIxSRVkRYVgLp+8CtZ507xotm5b1fZ1EUcZnIBTUAMmuARt0AFd0AMYPIJn8AretCftRXvXPhatJa2YOQZ/pH3+ALkcneY=</latexit>

V (�)

V�H(�, v)
' 1

SYMMETRIC SECTOR

Turns on at one of the SM phase 
transitions



<latexit sha1_base64="5ULa8xuTUEeZWx7GdthCUfmqMZw=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARWiglkaIui266rGBToQlhMp20QycXZyaFEvISbnwVNy4UcSu4822ctFlo6w8DH/85hzPn92JGhTSMb620tr6xuVXeruzs7u0f6IdHlogSjkkPRyzi9x4ShNGQ9CSVjNzHnKDAY6TvTW7yen9KuKBReCdnMXECNAqpTzGSynL1hu1zhFOrZsdjWs9Sy01zgp1s7jTgtJ5BW9CAPEDT1atG05gLroJZQBUU6rr6lz2McBKQUGKGhBiYRiydFHFJMSNZxU4EiRGeoBEZKAxRQISTzq/K4JlyhtCPuHqhhHP390SKAiFmgac6AyTHYrmWm//VBon0r5yUhnEiSYgXi/yEQRnBPCI4pJxgyWYKEOZU/RXiMVIxSRVkRYVgLp+8CtZ507xotm5b1fZ1EUcZnIBTUAMmuARt0AFd0AMYPIJn8AretCftRXvXPhatJa2YOQZ/pH3+ALkcneY=</latexit>

V (�)

V�H(�, v)
' 1

SYMMETRIC SECTOR

<latexit sha1_base64="SROX9OilOH67y6UvfO6d6SPbxPw=">AAACGXicbVBNS8NAEN3Ur1q/oh69LBbBU0mkqOCl6EEvQoV+QRPKZjttl+4mcXcjlNC/4cW/4sWDIh715L9x2+agrQ8GHu/NMDMviDlT2nG+rdzS8srqWn69sLG5tb1j7+41VJRICnUa8Ui2AqKAsxDqmmkOrVgCEQGHZjC8mvjNB5CKRWFNj2LwBemHrMco0Ubq2E7NU0zAPXYdx7tIPSnwNTTG2PMKi86tcTp20Sk5U+BF4makiDJUO/an141oIiDUlBOl2q4Taz8lUjPKYVzwEgUxoUPSh7ahIRGg/HT62RgfGaWLe5E0FWo8VX9PpEQoNRKB6RRED9S8NxH/89qJ7p37KQvjRENIZ4t6Ccc6wpOYcJdJoJqPDCFUMnMrpgMiCdUmzIIJwZ1/eZE0Tkruaal8Vy5WLrM48ugAHaJj5KIzVEE3qIrqiKJH9Ixe0Zv1ZL1Y79bHrDVnZTP76A+srx/QFZ5U</latexit>

T ' 100 GeV

T ' 100 MeV

<latexit sha1_base64="moOBS8idzx9dwHG3rIGcG9+Pb8A=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mkqMeiHjxWsB+QhLLZbtqlm92wOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzolRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hMU9amSijdi4hhgkvWBg6C9VLNSBIJ1o3GtzO/+8S04Uo+wiRlYUKGksecErCSH9wxAQQH6Yj3qzW37s6BV4lXkBoq0OpXv4KBolnCJFBBjPE9N4UwJxo4FWxaCTLDUkLHZMh8SyVJmAnz+clTfGaVAY6VtiUBz9XfEzlJjJkkke1MCIzMsjcT//P8DOLrMOcyzYBJulgUZwKDwrP/8YBrRkFMLCFUc3srpiOiCQWbUsWG4C2/vEo6F3Xvst54aNSaN0UcZXSCTtE58tAVaqJ71EJtRJFCz+gVvTngvDjvzseiteQUM8foD5zPH80PkPQ=</latexit>

��
Maximal 

Displacement 
from the 
minimum



<latexit sha1_base64="uJc4dJFhhp3fGSUTnr4LUy2YnPs=">AAACHHicbZDLSgMxFIYzXmu9VV26CRbBVZmpRd0IRTcuK9gLdKYlk2Y6oZkLyRmhDPMgbnwVNy4UceNC8G1MpxW09YfAl/+cQ3J+NxZcgWl+GUvLK6tr64WN4ubW9s5uaW+/paJEUtakkYhkxyWKCR6yJnAQrBNLRgJXsLY7up7U2/dMKh6FdzCOmROQYcg9Tgloq186taUf9e3Y55e2JwlNg/zSq2LvB2yXSGyDz4D0qllazfqlslkxc+FFsGZQRjM1+qUPexDRJGAhUEGU6lpmDE5KJHAqWFa0E8ViQkdkyLoaQxIw5aT5chk+1s4Ae5HUJwScu78nUhIoNQ5c3RkQ8NV8bWL+V+sm4F04KQ/jBFhIpw95icAQ4UlSeMAloyDGGgiVXP8VU5/ojEDnWdQhWPMrL0KrWrHOKrXbWrl+NYujgA7RETpBFjpHdXSDGqiJKHpAT+gFvRqPxrPxZrxPW5eM2cwB+iPj8xtbFaGI</latexit>

⇢� =
m2

�f
2
� ✓̄

2

2

<latexit sha1_base64="2/N+EKAcWVExjEUiZRRggXg+KFk=">AAAB+3icdVDLSgNBEJyNrxhfazx6GQyCp7DZxCTegl48RjAPyC7L7GQ2GTL7YKZXDCG/4sWDIl79EW/+jbNJBBUtaCiquunu8hPBFVjWh5FbW9/Y3MpvF3Z29/YPzMNiV8WppKxDYxHLvk8UEzxiHeAgWD+RjIS+YD1/cpX5vTsmFY+jW5gmzA3JKOIBpwS05JnFwHOSMceOTyR2YMyAeGbJKl806/a5ja2yZTXsaj0jdqNmV3FFKxlKaIW2Z747w5imIYuACqLUoGIl4M6IBE4FmxecVLGE0AkZsYGmEQmZcmeL2+f4VCtDHMRSVwR4oX6fmJFQqWno686QwFj99jLxL2+QQtB0ZzxKUmARXS4KUoEhxlkQeMgloyCmmhAqub4V0zGRhIKOq6BD+PoU/0+6drlSL9duaqXW5SqOPDpGJ+gMVVADtdA1aqMOougePaAn9GzMjUfjxXhdtuaM1cwR+gHj7RPNHZRR</latexit>

f�✓̄

“Ultralight WIMP Miracle”



[RTD, Teresi ’21]
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Ultralight Scalar Dark Matter

[Arkani-Hamed, RTD, Kim, ‘20][RTD, 
Teresi ’21]

<latexit sha1_base64="GG1toY/V4yo0l86UAyp2ffRaT+I=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9ktpXoseumxgv2A7lKyabYNzWZDkhXK0r/hxYMiXv0z3vw3pu0etPXBwOO9GWbmhZIzbVz32ylsbe/s7hX3SweHR8cn5dOzrk5SRWiHJDxR/RBrypmgHcMMp32pKI5DTnvh9H7h956o0iwRj2YmaRDjsWARI9hYyfflhKHW0LNVG5YrbtVdAm0SLycVyNEelr/8UULSmApDONZ64LnSBBlWhhFO5yU/1VRiMsVjOrBU4JjqIFvePEdXVhmhKFG2hEFL9fdEhmOtZ3FoO2NsJnrdW4j/eYPURLdBxoRMDRVktShKOTIJWgSARkxRYvjMEkwUs7ciMsEKE2NjKtkQvPWXN0m3VvUa1fpDvdK8y+MowgVcwjV4cANNaEEbOkBAwjO8wpuTOi/Ou/Oxai04+cw5/IHz+QNC5JCJ</latexit>

�H1H2

<latexit sha1_base64="LuSaPcZuUtFJik8BJUP+vsQYuDA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRS1GXRRV1WsA9oQplMbtqhkwczEyWE+ituXCji1g9x5984bbPQ1gMXDufcy733eAlnUlnWt1FaW9/Y3CpvV3Z29/YPzMOjroxTQaFDYx6LvkckcBZBRzHFoZ8IIKHHoedNbmZ+7wGEZHF0r7IE3JCMIhYwSpSWhmbVScYMt7DzyHxQjPuAW0OzZtWtOfAqsQtSQwXaQ/PL8WOahhApyomUA9tKlJsToRjlMK04qYSE0AkZwUDTiIQg3Xx+/BSfasXHQSx0RQrP1d8TOQmlzEJPd4ZEjeWyNxP/8wapCq7cnEVJqiCii0VByrGK8SwJ7DMBVPFME0IF07diOiaCUKXzqugQ7OWXV0n3vG5f1Bt3jVrzuoijjI7RCTpDNrpETXSL2qiDKMrQM3pFb8aT8WK8Gx+L1pJRzFTRHxifP48glBQ=</latexit>

�G eG



Symmetric Sector
<latexit sha1_base64="RKn8M3ZqxHW4CZ17DhWMASvzs8A=">AAACAnicbVDLSsQwFE19juOr6krcBAfB1dCqqMtBNy4URnQeMC0lTdOZMElaklQYSnHjr7hxoYhbv8Kdf2PmsdAZDwQO55zLzT1hyqjSjvNtzc0vLC4tl1bKq2vrG5v21nZTJZnEpIETlsh2iBRhVJCGppqRdioJ4iEjrbB/OfRbD0Qqmoh7PUiJz1FX0JhipI0U2LvetQlHKMjvCo8xeBPknuSwzorArjhVZwQ4S9wJqYAJ6oH95UUJzjgRGjOkVMd1Uu3nSGqKGSnKXqZIinAfdUnHUIE4UX4+OqGAB0aJYJxI84SGI/X3RI64UgMemiRHuqemvaH4n9fJdHzu51SkmSYCjxfFGYM6gcM+YEQlwZoNDEFYUvNXiHtIIqxNa2VTgjt98ixpHlXd0+rx7UmldjGpowT2wD44BC44AzVwBeqgATB4BM/gFbxZT9aL9W59jKNz1mRmB/yB9fkDu02XAw==</latexit>

⇤S ⌧ MPl

<latexit sha1_base64="WVY0pi3UzoqsnQrB9/LvHk+SvSU=">AAAB/nicbVBNS8NAEJ3Ur1q/quLJy2IRBLEkRdSLUPTirRXsB7QhbLabdulmE3Y3QgkF/4oXD4p49Xd489+4aXvQ1gcDj/dmmJnnx5wpbdvfVm5peWV1Lb9e2Njc2t4p7u41VZRIQhsk4pFs+1hRzgRtaKY5bceS4tDntOUPbzO/9UilYpF40KOYuiHuCxYwgrWRvOJBzXPQNTqreRV0iro0Voxnesku2xOgReLMSAlmqHvFr24vIklIhSYcK9Vx7Fi7KZaaEU7HhW6iaIzJEPdpx1CBQ6rcdHL+GB0bpYeCSJoSGk3U3xMpDpUahb7pDLEeqHkvE//zOokOrtyUiTjRVJDpoiDhSEcoywL1mKRE85EhmEhmbkVkgCUm2iRWMCE48y8vkmal7FyU7fvzUvVmFkceDuEITsCBS6jCHdShAQRSeIZXeLOerBfr3fqYtuas2cw+/IH1+QMa1pOs</latexit>

O1 = �O2 + ✏

SM Landscape

Sensitive 

to the Higgs vev



PART 3: GOING BEYOND COSMOLOGICAL SELECTION



Does anything change in Nature as we vary 
the Higgs mass squared?

<latexit sha1_base64="JyjsfN580ATuFBYwFbpHT7EXMTQ=">AAACKHicbZBNS8MwGMdTX+d8q3r0EhzCdhmtDPUiDr14c4J7gbWMNE27sDQtSSqMso/jxa/iRUSRXf0kZl0PuvlA4Mf//zxJnr+XMCqVZU2NldW19Y3N0lZ5e2d3b988OOzIOBWYtHHMYtHzkCSMctJWVDHSSwRBkcdI1xvdzvzuExGSxvxRjRPiRijkNKAYKS0NzGsnEAhnvsPiEAZVhyEeMgKH0BE51SaFt+RMru6rdm1gVqy6lRdcBruACiiqNTDfHT/GaUS4wgxJ2betRLkZEopifWnZSSVJEB6hkPQ1chQR6Wb5ohN4qhUfBrHQhyuYq78nMhRJOY483RkhNZSL3kz8z+unKrh0M8qTVBGO5w8FKYMqhrPUoE8FwYqNNSAsqP4rxEOkk1M627IOwV5ceRk6Z3X7vN54aFSaN0UcJXAMTkAV2OACNMEdaIE2wOAZvIIP8Gm8GG/GlzGdt64YxcwR+FPG9w+pm6Wz</latexit>

d log f(hhi)
d loghhi = O(1)

[Arkani-Hamed, RTD, Kim, ’20]



DynamicalAnthropic

Observers

Statistical

NEED THE O(1) CHANGE



Does anything change

as we vary the Higgs mass?

<latexit sha1_base64="bj355pO6DGvf056c7CHU0Zba94o=">AAACEnicbVC7SgNBFJ31GeMramkzGARtwq4EtQxaxDJCXrC7hNnZu8mQ2YczswlhyTfY+Cs2ForYWtn5N04ehSYeuHA4517uvcdLOJPKNL+NldW19Y3N3FZ+e2d3b79wcNiUcSooNGjMY9H2iATOImgopji0EwEk9Di0vP7txG8NQEgWR3U1SsANSTdiAaNEaalTOM8cEeK6GNtVZwh+F3DVxQ48pGyAq9gZMh8U476WO4WiWTKnwMvEmpMimqPWKXw5fkzTECJFOZHStsxEuRkRilEO47yTSkgI7ZMu2JpGJATpZtOXxvhUKz4OYqErUniq/p7ISCjlKPR0Z0hUTy56E/E/z05VcO1mLEpSBRGdLQpSjlWMJ/lgnwmgio80IVQwfSumPSIIVTrFvA7BWnx5mTQvStZlqXxfLlZu5nHk0DE6QWfIQleogu5QDTUQRY/oGb2iN+PJeDHejY9Z64oxnzlCf2B8/gC3lZzg</latexit>

Tr[G ^G] ⌘ G eG

LOCAL NON-LOCAL

On-shell N-point 
functions of massive SM 

particles



Does anything change 

as we vary the Higgs mass?

<latexit sha1_base64="NUcu8oyRqIQMhF37CMedfe8KmFM=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfVY9OKxgv2AppTNdtou3WzC7qZQQv+JFw+KePWfePPfuE1z0OoLCw/vzDCzb5gIro3nfTmltfWNza3ydmVnd2//wD08auk4VQybLBax6oRUo+ASm4YbgZ1EIY1Cge1wcreot6eoNI/lo5kl2IvoSPIhZ9RYq++6gaByJJCMA5VD3616NS8X+Qt+AVUo1Oi7n8EgZmmE0jBBte76XmJ6GVWGM4HzSpBqTCib0BF2LUoaoe5l+eVzcmadARnGyj5pSO7+nMhopPUsCm1nRM1Yr9YW5n+1bmqGN72MyyQ1KNly0TAVxMRkEQMZcIXMiJkFyhS3txI2pooyY8Oq2BD81S//hdZFzb+qeQ+X1fptEUcZTuAUzsGHa6jDPTSgCQym8AQv8OpkzrPz5rwvW0tOMXMMv+R8fANdOpN8</latexit>

hhi

<latexit sha1_base64="bj355pO6DGvf056c7CHU0Zba94o=">AAACEnicbVC7SgNBFJ31GeMramkzGARtwq4EtQxaxDJCXrC7hNnZu8mQ2YczswlhyTfY+Cs2ForYWtn5N04ehSYeuHA4517uvcdLOJPKNL+NldW19Y3N3FZ+e2d3b79wcNiUcSooNGjMY9H2iATOImgopji0EwEk9Di0vP7txG8NQEgWR3U1SsANSTdiAaNEaalTOM8cEeK6GNtVZwh+F3DVxQ48pGyAq9gZMh8U476WO4WiWTKnwMvEmpMimqPWKXw5fkzTECJFOZHStsxEuRkRilEO47yTSkgI7ZMu2JpGJATpZtOXxvhUKz4OYqErUniq/p7ISCjlKPR0Z0hUTy56E/E/z05VcO1mLEpSBRGdLQpSjlWMJ/lgnwmgio80IVQwfSumPSIIVTrFvA7BWnx5mTQvStZlqXxfLlZu5nHk0DE6QWfIQleogu5QDTUQRY/oGb2iN+PJeDHejY9Z64oxnzlCf2B8/gC3lZzg</latexit>

Tr[G ^G] ⌘ G eG

LOCAL NON-LOCAL

Atomic Principle [Agrawal, Donoghue, Barr, Seckel ’97]

Nnaturalness [Arkani-Hamed, Cohen, RTD, Hook, Kim, 

Pinner ’16]

Selfish Higgs [Giudice, Kehagias, Riotto, ‘19]

On-shell N-point 
functions of massive SM 

particles



<latexit sha1_base64="cJsaN376fYE48613Hn/5P+Qq43E=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHxRHbVqEeiBzxiIo8ENmR2toEJsw9nejFkw3d48aAxXv0Yb/6NA+xBwUo6qVR1p7vLi6XQaNvfVm5ldW19I79Z2Nre2d0r7h80dJQoDnUeyUi1PKZBihDqKFBCK1bAAk9C0xveTv3mCJQWUfiA4xjcgPVD0ROcoZHcaudJ+IBC+kCr3WLJLtsz0GXiZKREMtS6xa+OH/EkgBC5ZFq3HTtGN2UKBZcwKXQSDTHjQ9aHtqEhC0C76ezoCT0xik97kTIVIp2pvydSFmg9DjzTGTAc6EVvKv7ntRPsXbupCOMEIeTzRb1EUozoNAHqCwUc5dgQxpUwt1I+YIpxNDkVTAjO4svLpHFWdi7L5/cXpcpNFkeeHJFjckocckUq5I7USJ1w8kieySt5s0bWi/Vufcxbc1Y2c0j+wPr8AUdRkck=</latexit>

G eG

<latexit sha1_base64="FHkjZ1gQNdZdr+myq0RFJ2IWV08=">AAACAnicbVDLSgNBEJyNrxhfq57Ey2AQBCHsqqjHoBhy8BDBPCCJYXa2kwyZnV1mZpWwBC/+ihcPinj1K7z5N04eB00saCiquunu8iLOlHacbys1N7+wuJRezqysrq1v2JtbFRXGkkKZhjyUNY8o4ExAWTPNoRZJIIHHoer1Lod+9R6kYqG41f0ImgHpCNZmlGgjteydQuOB+aAZ9wEX8CHu42tcxFd3tGVnnZwzAp4l7oRk0QSllv3V8EMaByA05USpuutEupkQqRnlMMg0YgURoT3SgbqhggSgmsnohQHeN4qP26E0JTQeqb8nEhIo1Q880xkQ3VXT3lD8z6vHun3eTJiIYg2Cjhe1Y451iId5YJ9JoJr3DSFUMnMrpl0iCdUmtYwJwZ1+eZZUjnLuae745iSbv5jEkUa7aA8dIBedoTwqohIqI4oe0TN6RW/Wk/VivVsf49aUNZnZRn9gff4AGSeVTg==</latexit>

F eF + yLHE
c

<latexit sha1_base64="it2nrPQauO0sBz/eMktcKFm2YPc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Vj00mMF+wFtCJvtpl262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4ej+5nffuLaiEQ94jjlfkwHSkSCUbRSux54pB5Ug1LZrbhzkFXi5aQMORpB6avXT1gWc4VMUmO6npuiP6EaBZN8WuxlhqeUjeiAdy1VNObGn8zPnZJzq/RJlGhbCslc/T0xobEx4zi0nTHFoVn2ZuJ/XjfD6NafCJVmyBVbLIoySTAhs99JX2jOUI4toUwLeythQ6opQ5tQ0YbgLb+8SlrVindduXy4Ktfu8jgKcApncAEe3EAN6tCAJjAYwTO8wpuTOi/Ou/OxaF1z8pkT+APn8wfW+o6Z</latexit>

H1H2

ALPs

<latexit sha1_base64="ZyTDdXNg0Uj6ZKWtexMCi7DsvBQ=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiSmKkEVZaxggLFI9CE1UeW4t61VOwm2U6mKysrCr7AwgBArX8DG3+C2GaDlSFf36Jx7Zd8TxJwp7Tjf1tLyyuraem4jv7m1vbNr7+3XVZRICjUa8Ug2A6KAsxBqmmkOzVgCEQGHRjC4mviNIUjFovBOj2LwBemFrMso0UZq20cCexyUUkzgIfZMg3vslksPqScFvob6uG0XnKIzBV4kbkYKKEO1bX95nYgmAkJNOVGq5Tqx9lMiNaMcxnkvURATOiA9aBkaEgHKT6enjPGJUTq4G0lTocZT9fdGSoRSIxGYSUF0X817E/E/r5Xo7oWfsjBONIR09lA34VhHeJIL7jAJVPORIYRKZv6KaZ9IQrVJL29CcOdPXiT1s6J7XizdlgqVyyyOHDpEx+gUuaiMKugGVVENUfSIntErerOerBfr3fqYjS5Z2c4B+gPr8we3W5mn</latexit>

m . v ' 174 GeV

<latexit sha1_base64="ZyTDdXNg0Uj6ZKWtexMCi7DsvBQ=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiSmKkEVZaxggLFI9CE1UeW4t61VOwm2U6mKysrCr7AwgBArX8DG3+C2GaDlSFf36Jx7Zd8TxJwp7Tjf1tLyyuraem4jv7m1vbNr7+3XVZRICjUa8Ug2A6KAsxBqmmkOzVgCEQGHRjC4mviNIUjFovBOj2LwBemFrMso0UZq20cCexyUUkzgIfZMg3vslksPqScFvob6uG0XnKIzBV4kbkYKKEO1bX95nYgmAkJNOVGq5Tqx9lMiNaMcxnkvURATOiA9aBkaEgHKT6enjPGJUTq4G0lTocZT9fdGSoRSIxGYSUF0X817E/E/r5Xo7oWfsjBONIR09lA34VhHeJIL7jAJVPORIYRKZv6KaZ9IQrVJL29CcOdPXiT1s6J7XizdlgqVyyyOHDpEx+gUuaiMKugGVVENUfSIntErerOerBfr3fqYjS5Z2c4B+gPr8we3W5mn</latexit>

m . v ' 174 GeV

HL-LHC!

HL-LHC!



<latexit sha1_base64="64f5NFAFhLQMzm8o5xQv7O+CXwM="></latexit>

hG eGi ' (yu + yd)hhif3
⇡(hhi)✓



<latexit sha1_base64="Zo2NGK+ONE1w1V60t7Uzs87/fsQ=">AAAB8HicdVDLSsNAFL2pr1pfVZduBovgKiRSrN0V3bhwUcE+pI1lMpm0Q2eSMDMRSuhXuHGhiFs/x51/4zStoKIHBg7nnMvce/yEM6Ud58MqLC2vrK4V10sbm1vbO+XdvbaKU0loi8Q8ll0fK8pZRFuaaU67iaRY+Jx2/PHFzO/cU6lYHN3oSUI9gYcRCxnB2ki3/SsTDfBddVCuOHY9B5qTWnVB6i5ybSdHBRZoDsrv/SAmqaCRJhwr1XOdRHsZlpoRTqelfqpogskYD2nP0AgLqrwsX3iKjowSoDCW5kUa5er3iQwLpSbCN0mB9Uj99mbiX14v1eGZl7EoSTWNyPyjMOVIx2h2PQqYpETziSGYSGZ2RWSEJSbadFQyJXxdiv4n7RPbPbWd62qlcb6oowgHcAjH4EINGnAJTWgBAQEP8ATPlrQerRfrdR4tWIuZffgB6+0TD1aQmw==</latexit>

⇤4

QCD Theta Angle

<latexit sha1_base64="6sl/tb98cAIODBtsVT4f747bhVY=">AAAB8XicbVBNTwIxEJ31E/EL9eilkZh4IrvEqEeiF46YyEeEhXRLFxra7qbtmpCFf+HFg8Z49d94899YYA8KvmSSl/dmMjMviDnTxnW/nbX1jc2t7dxOfndv/+CwcHTc0FGiCK2TiEeqFWBNOZO0bpjhtBUrikXAaTMY3c385hNVmkXywYxj6gs8kCxkBBsrPYresFueVCfdcq9QdEvuHGiVeBkpQoZar/DV6UckEVQawrHWbc+NjZ9iZRjhdJrvJJrGmIzwgLYtlVhQ7afzi6fo3Cp9FEbKljRorv6eSLHQeiwC2ymwGeplbyb+57UTE974KZNxYqgki0VhwpGJ0Ox91GeKEsPHlmCimL0VkSFWmBgbUt6G4C2/vEoa5ZJ3VXLvL4uV2yyOHJzCGVyAB9dQgSrUoA4EJDzDK7w52nlx3p2PReuak82cwB84nz/75pB3</latexit>

m
2
h|H|2

Higgs Mass Squared

<latexit sha1_base64="EQfaVYvyZGBDZ5R0O14fnSK740k=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadmVmMct6MVjBPOAZAmzk0kyOjuzzPQKYck/ePGgiFf/x5t/4yRZQUULGoqqbrq7wlhwA5734eRWVtfWN/Kbha3tnd294v5B26hEU9aiSijdDYlhgkvWAg6CdWPNSBQK1gnvLud+555pw5W8gWnMgoiMJR9xSsBK7T5MGJBBseS5dc+vn1fxktTKGanUse96C5RQhuag+N4fKppETAIVxJie78UQpEQDp4LNCv3EsJjQOzJmPUsliZgJ0sW1M3xilSEeKW1LAl6o3ydSEhkzjULbGRGYmN/eXPzL6yUwqgUpl3ECTNLlolEiMCg8fx0PuWYUxNQSQjW3t2I6IZpQsAEVbAhfn+L/SfvM9Stu+bpcalxkceTRETpGp8hHVdRAV6iJWoiiW/SAntCzo5xH58V5XbbmnGzmEP2A8/YJMbKPkQ==</latexit>

✓

Symmetry ~ 10   Experiment10 Symmetry~10   Experiment34



<latexit sha1_base64="64f5NFAFhLQMzm8o5xQv7O+CXwM="></latexit>

hG eGi ' (yu + yd)hhif3
⇡(hhi)✓

Non-trivial!

1. U(1)A breaking that can interfere with QCD 
instantons


2. Sensitivity to the Higgs mass (U(1)A breaking and/
or SU(3) running)


3.
<latexit sha1_base64="FuTSEoot70c7ABtAhcHG0LkHwMY=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgqsxIUZfFunDhogX7gM4wZDJpG5pkhiQjlKE7N/6KGxeKuPUX3Pk3pu0stPVA4HDOudzcEyaMKu0431ZhZXVtfaO4Wdra3tnds/cP2ipOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo/rU7zwQqWgs7vU4IT5HA0H7FCNtpMA+9u5MOEJB5kkOm/WbCfQYUUpRDnkwDOyyU3FmgMvEzUkZ5GgE9pcXxTjlRGjMkFI910m0nyGpKWZkUvJSRRKER2hAeoYKxInys9kdE3hqlAj2Y2me0HCm/p7IEFdqzEOT5EgP1aI3Ff/zeqnuX/kZFUmqicDzRf2UQR3DaSkwopJgzcaGICyp+SvEQyQR1qa6kinBXTx5mbTPK+5FpdqslmvXeR1FcAROwBlwwSWogVvQAC2AwSN4Bq/gzXqyXqx362MeLVj5zCH4A+vzBxvmmNc=</latexit>

⇤QCD . mh



First Joint Solution to the two Problems [RTD, Teresi ’21]



INSTANTONS
<latexit sha1_base64="uZyOlLRRHdhffI9x5Yr3O6O5PK8=">AAACIXicbZDLSgMxFIYzXmu9jbp0EyyCqzIjXrosCuKygr1AZyyZNNOG5jIkGaEMfRU3voobF4p0J76MaTugtv4Q+PnOOZycP0oY1cbzPp2l5ZXVtfXCRnFza3tn193bb2iZKkzqWDKpWhHShFFB6oYaRlqJIohHjDSjwfWk3nwkSlMp7s0wISFHPUFjipGxqONWgqRPYUASTZkUD1nA00CkgerLQNMeR6ObTs6m7od33JJX9qaCi8bPTQnkqnXccdCVOOVEGMyQ1m3fS0yYIWUoZmRUDFJNEoQHqEfa1grEiQ6z6YUjeGxJF8ZS2ScMnNLfExniWg95ZDs5Mn09X5vA/2rt1MSVMKMiSQ0ReLYoThk0Ek7igl2qCDZsaA3Citq/QtxHCmFjQy3aEPz5kxdN47TsX5TP785K1as8jgI4BEfgBPjgElTBLaiBOsDgCbyAN/DuPDuvzocznrUuOfnMAfgj5+sbkdelpg==</latexit>

�✏µ⌫⇢�Fµ⌫F⇢�

<latexit sha1_base64="g+WHSEZfIInUNKzXteWdD4xoKSw="></latexit>

V (�) ⇠
Z 1

0

d⇢

⇢4
e
� 8⇡2

g2(⇢) ⇥ ...

Approximate scale invariance of gauge theory = big hierarchy of scales



EXAMPLE: SU(2) CONSTRAINED INSTANTONS

<latexit sha1_base64="mvo00Ld7+h5jwPO9zPp53amnP1U=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHxRHaNryPRi0dMhCWBDZmdbWDC7MOZXgzZ8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yEyk02va3VVhZXVvfKG6WtrZ3dvfK+wdNHaeKQ4PHMlYtn2mQIoIGCpTQShSw0Jfg+sPbqe+OQGkRRw84TsALWT8SPcEZGslzO08iABQyAOp2yxW7as9Al4mTkwrJUe+WvzpBzNMQIuSSad127AS9jCkUXMKk1Ek1JIwPWR/ahkYsBO1ls6Mn9MQoAe3FylSEdKb+nshYqPU49E1nyHCgF72p+J/XTrF37WUiSlKEiM8X9VJJMabTBGggFHCUY0MYV8LcSvmAKcbR5FQyITiLLy+T5lnVuaxe3J9Xajd5HEVyRI7JKXHIFamRO1InDcLJI3kmr+TNGlkv1rv1MW8tWPnMIfkD6/MHeTWR6w==</latexit>

WfW Not observable

SM



EXAMPLE: SU(2) CONSTRAINED INSTANTONS

<latexit sha1_base64="mvo00Ld7+h5jwPO9zPp53amnP1U=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHxRHaNryPRi0dMhCWBDZmdbWDC7MOZXgzZ8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yEyk02va3VVhZXVvfKG6WtrZ3dvfK+wdNHaeKQ4PHMlYtn2mQIoIGCpTQShSw0Jfg+sPbqe+OQGkRRw84TsALWT8SPcEZGslzO08iABQyAOp2yxW7as9Al4mTkwrJUe+WvzpBzNMQIuSSad127AS9jCkUXMKk1Ek1JIwPWR/ahkYsBO1ls6Mn9MQoAe3FylSEdKb+nshYqPU49E1nyHCgF72p+J/XTrF37WUiSlKEiM8X9VJJMabTBGggFHCUY0MYV8LcSvmAKcbR5FQyITiLLy+T5lnVuaxe3J9Xajd5HEVyRI7JKXHIFamRO1InDcLJI3kmr+TNGlkv1rv1MW8tWPnMIfkD6/MHeTWR6w==</latexit>

WfW Not observable

<latexit sha1_base64="Ff+paul1OLSnaBi6bSCbL82ceqA=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUEQhDAT3I5BLx4UEjCZQBJDT09N0qRnobtHCcNcvfgrXjwo4tU/8Obf2FkOmvig4PFeFVX13JgzqSzr28gtLC4tr+RXC2vrG5tb5vZOQ0aJoFCnEY9E0yUSOAuhrpji0IwFkMDl4LiDy5Hv3IOQLApv1TCGTkB6IfMZJUpLXRM77QfmgWLcA+zgI9z2BaFprVa7ztKbu3LWNYtWyRoDzxN7SopoimrX/Gp7EU0CCBXlRMqWbcWqkxKhGOWQFdqJhJjQAelBS9OQBCA76fiTDB9oxcN+JHSFCo/V3xMpCaQcBq7uDIjqy1lvJP7ntRLln3dSFsaJgpBOFvkJxyrCo1iwxwRQxYeaECqYvhXTPtFRKB1eQYdgz748Txrlkn1aOqkdFysX0zjyaA/to0NkozNUQVeoiuqIokf0jF7Rm/FkvBjvxsekNWdMZ3bRHxifPwYamUk=</latexit>

WfW +
QQQL

M2

SM

SM+GUT



EXAMPLE: SU(2) CONSTRAINED INSTANTONS
<latexit sha1_base64="Ff+paul1OLSnaBi6bSCbL82ceqA=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUEQhDAT3I5BLx4UEjCZQBJDT09N0qRnobtHCcNcvfgrXjwo4tU/8Obf2FkOmvig4PFeFVX13JgzqSzr28gtLC4tr+RXC2vrG5tb5vZOQ0aJoFCnEY9E0yUSOAuhrpji0IwFkMDl4LiDy5Hv3IOQLApv1TCGTkB6IfMZJUpLXRM77QfmgWLcA+zgI9z2BaFprVa7ztKbu3LWNYtWyRoDzxN7SopoimrX/Gp7EU0CCBXlRMqWbcWqkxKhGOWQFdqJhJjQAelBS9OQBCA76fiTDB9oxcN+JHSFCo/V3xMpCaQcBq7uDIjqy1lvJP7ntRLln3dSFsaJgpBOFvkJxyrCo1iwxwRQxYeaECqYvhXTPtFRKB1eQYdgz748Txrlkn1aOqkdFysX0zjyaA/to0NkozNUQVeoiuqIokf0jF7Rm/FkvBjvxsekNWdMZ3bRHxifPwYamUk=</latexit>

WfW +
QQQL

M2

<latexit sha1_base64="CoG9Xv2dm2qJzhnRnhfGtlaURtc="></latexit>

V (�) ⇠ hhi10

M6
e�

2⇡
↵2(hhi) +M4e�

2⇡
↵2(M)

Tantalizing T=0 connection between B+L breaking 
and Higgs mass



EXAMPLE: 

DOUBLET-TRIPLET SPLITTING


HIERARCHY PROBLEM

STRONG CP PROBLEM


in one go!

<latexit sha1_base64="XIV8cfJdSNbmk5SLQQ5wDNfV/aQ=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokYtVlURCXFewDmhAmk9t26OTBzEQpoRt/xY0LRdz6Ge78GydtFtp64MKZc+5l7j1+wplUlvVtlJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPr3O88gJAsju7VOAE3JIOI9RklSkueeeAkQ4ZvvDp2HlkAivEA8qdnVq2aNQVeJHZBqqhA0zO/nCCmaQiRopxI2bOtRLkZEYpRDpOKk0pICB2RAfQ0jUgI0s2mB0zwsVYC3I+Frkjhqfp7IiOhlOPQ150hUUM57+Xif14vVf1LN2NRkiqI6OyjfsqxinGeBg6YAKr4WBNCBdO7YjokglClM6voEOz5kxdJ+7Rmn9fqd2fVxlURRxkdoiN0gmx0gRroFjVRC1E0Qc/oFb0ZT8aL8W58zFpLRjGzj/7A+PwB/HOVYw==</latexit>

�F5
eF5 +[RTD, Teresi ’21]

[C. Csaki, RTD, E. Kuflik, in progress]

INSTANTONS IN THE MULTIVERSE



Symmetric Sector
<latexit sha1_base64="RKn8M3ZqxHW4CZ17DhWMASvzs8A=">AAACAnicbVDLSsQwFE19juOr6krcBAfB1dCqqMtBNy4URnQeMC0lTdOZMElaklQYSnHjr7hxoYhbv8Kdf2PmsdAZDwQO55zLzT1hyqjSjvNtzc0vLC4tl1bKq2vrG5v21nZTJZnEpIETlsh2iBRhVJCGppqRdioJ4iEjrbB/OfRbD0Qqmoh7PUiJz1FX0JhipI0U2LvetQlHKMjvCo8xeBPknuSwzorArjhVZwQ4S9wJqYAJ6oH95UUJzjgRGjOkVMd1Uu3nSGqKGSnKXqZIinAfdUnHUIE4UX4+OqGAB0aJYJxI84SGI/X3RI64UgMemiRHuqemvaH4n9fJdHzu51SkmSYCjxfFGYM6gcM+YEQlwZoNDEFYUvNXiHtIIqxNa2VTgjt98ixpHlXd0+rx7UmldjGpowT2wD44BC44AzVwBeqgATB4BM/gFbxZT9aL9W59jKNz1mRmB/yB9fkDu02XAw==</latexit>

⇤S ⌧ MPl

<latexit sha1_base64="WVY0pi3UzoqsnQrB9/LvHk+SvSU=">AAAB/nicbVBNS8NAEJ3Ur1q/quLJy2IRBLEkRdSLUPTirRXsB7QhbLabdulmE3Y3QgkF/4oXD4p49Xd489+4aXvQ1gcDj/dmmJnnx5wpbdvfVm5peWV1Lb9e2Njc2t4p7u41VZRIQhsk4pFs+1hRzgRtaKY5bceS4tDntOUPbzO/9UilYpF40KOYuiHuCxYwgrWRvOJBzXPQNTqreRV0iro0Voxnesku2xOgReLMSAlmqHvFr24vIklIhSYcK9Vx7Fi7KZaaEU7HhW6iaIzJEPdpx1CBQ6rcdHL+GB0bpYeCSJoSGk3U3xMpDpUahb7pDLEeqHkvE//zOokOrtyUiTjRVJDpoiDhSEcoywL1mKRE85EhmEhmbkVkgCUm2iRWMCE48y8vkmal7FyU7fvzUvVmFkceDuEITsCBS6jCHdShAQRSeIZXeLOerBfr3fqYtuas2cw+/IH1+QMa1pOs</latexit>

O1 = �O2 + ✏

SM Landscape



Symmetric Sector
<latexit sha1_base64="RKn8M3ZqxHW4CZ17DhWMASvzs8A=">AAACAnicbVDLSsQwFE19juOr6krcBAfB1dCqqMtBNy4URnQeMC0lTdOZMElaklQYSnHjr7hxoYhbv8Kdf2PmsdAZDwQO55zLzT1hyqjSjvNtzc0vLC4tl1bKq2vrG5v21nZTJZnEpIETlsh2iBRhVJCGppqRdioJ4iEjrbB/OfRbD0Qqmoh7PUiJz1FX0JhipI0U2LvetQlHKMjvCo8xeBPknuSwzorArjhVZwQ4S9wJqYAJ6oH95UUJzjgRGjOkVMd1Uu3nSGqKGSnKXqZIinAfdUnHUIE4UX4+OqGAB0aJYJxI84SGI/X3RI64UgMemiRHuqemvaH4n9fJdHzu51SkmSYCjxfFGYM6gcM+YEQlwZoNDEFYUvNXiHtIIqxNa2VTgjt98ixpHlXd0+rx7UmldjGpowT2wD44BC44AzVwBeqgATB4BM/gFbxZT9aL9W59jKNz1mRmB/yB9fkDu02XAw==</latexit>

⇤S ⌧ MPl

<latexit sha1_base64="WVY0pi3UzoqsnQrB9/LvHk+SvSU=">AAAB/nicbVBNS8NAEJ3Ur1q/quLJy2IRBLEkRdSLUPTirRXsB7QhbLabdulmE3Y3QgkF/4oXD4p49Xd489+4aXvQ1gcDj/dmmJnnx5wpbdvfVm5peWV1Lb9e2Njc2t4p7u41VZRIQhsk4pFs+1hRzgRtaKY5bceS4tDntOUPbzO/9UilYpF40KOYuiHuCxYwgrWRvOJBzXPQNTqreRV0iro0Voxnesku2xOgReLMSAlmqHvFr24vIklIhSYcK9Vx7Fi7KZaaEU7HhW6iaIzJEPdpx1CBQ6rcdHL+GB0bpYeCSJoSGk3U3xMpDpUahb7pDLEeqHkvE//zOokOrtyUiTjRVJDpoiDhSEcoywL1mKRE85EhmEhmbkVkgCUm2iRWMCE48y8vkmal7FyU7fvzUvVmFkceDuEITsCBS6jCHdShAQRSeIZXeLOerBfr3fqYtuas2cw+/IH1+QMa1pOs</latexit>

O1 = �O2 + ✏

SM Landscape
Well-established theoretically


Tons of new signatures and unexpected physics



Symmetric Sector
<latexit sha1_base64="RKn8M3ZqxHW4CZ17DhWMASvzs8A=">AAACAnicbVDLSsQwFE19juOr6krcBAfB1dCqqMtBNy4URnQeMC0lTdOZMElaklQYSnHjr7hxoYhbv8Kdf2PmsdAZDwQO55zLzT1hyqjSjvNtzc0vLC4tl1bKq2vrG5v21nZTJZnEpIETlsh2iBRhVJCGppqRdioJ4iEjrbB/OfRbD0Qqmoh7PUiJz1FX0JhipI0U2LvetQlHKMjvCo8xeBPknuSwzorArjhVZwQ4S9wJqYAJ6oH95UUJzjgRGjOkVMd1Uu3nSGqKGSnKXqZIinAfdUnHUIE4UX4+OqGAB0aJYJxI84SGI/X3RI64UgMemiRHuqemvaH4n9fJdHzu51SkmSYCjxfFGYM6gcM+YEQlwZoNDEFYUvNXiHtIIqxNa2VTgjt98ixpHlXd0+rx7UmldjGpowT2wD44BC44AzVwBeqgATB4BM/gFbxZT9aL9W59jKNz1mRmB/yB9fkDu02XAw==</latexit>

⇤S ⌧ MPl

<latexit sha1_base64="WVY0pi3UzoqsnQrB9/LvHk+SvSU=">AAAB/nicbVBNS8NAEJ3Ur1q/quLJy2IRBLEkRdSLUPTirRXsB7QhbLabdulmE3Y3QgkF/4oXD4p49Xd489+4aXvQ1gcDj/dmmJnnx5wpbdvfVm5peWV1Lb9e2Njc2t4p7u41VZRIQhsk4pFs+1hRzgRtaKY5bceS4tDntOUPbzO/9UilYpF40KOYuiHuCxYwgrWRvOJBzXPQNTqreRV0iro0Voxnesku2xOgReLMSAlmqHvFr24vIklIhSYcK9Vx7Fi7KZaaEU7HhW6iaIzJEPdpx1CBQ6rcdHL+GB0bpYeCSJoSGk3U3xMpDpUahb7pDLEeqHkvE//zOokOrtyUiTjRVJDpoiDhSEcoywL1mKRE85EhmEhmbkVkgCUm2iRWMCE48y8vkmal7FyU7fvzUvVmFkceDuEITsCBS6jCHdShAQRSeIZXeLOerBfr3fqYtuas2cw+/IH1+QMa1pOs</latexit>

O1 = �O2 + ✏

SM Landscape

Forces us to ask hard 
questions: how does 

quantum gravity play 
with inflation, dS and 

AdS minima, … 



BACKUP



1. The Higgs mass is ultimately calculable


2. No new symmetries exist below the Planck scale


3. We have extrapolated the Planck mass from low 
energy measurements


4. We have implicitly treated quantum gravity as 
an ordinary quantum field theory where high 
energy particles can leave only very specific 

imprints at low energy.

ASSUMPTIONS = SOLUTIONS



SM

Planck

New 
Symmetry

<latexit sha1_base64="V/4xAzEyHbikrYsg/QxB3dvvwdM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktpXoRil48VrAf0q4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN/M/PYTVZpF8t5MYuoLPJQsZAQbKz2I/uixgq6Q2y+W3LI7B1olXkZKkKHRL371BhFJBJWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LJRZU++n84Ck6s8oAhZGyJQ2aq78nUiy0nojAdgpsRnrZm4n/ed3EhJd+ymScGCrJYlGYcGQiNPseDZiixPCJJZgoZm9FZIQVJsZmVLAheMsvr5JWpezVytW7aql+ncWRhxM4hXPw4ALqcAsNaAIBAc/wCm+Ocl6cd+dj0Zpzsplj+APn8wcaN49O</latexit>

m2
h = 0 Special



SM

Planck

New 
Symmetry

<latexit sha1_base64="B0zSLBBandL/mbxlfAwgPzIBOA0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL16ESMwDkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/loxkn6Ed0IHnIGTVWqt/36r1iyS27c5BV4mWkBBlqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/mp07JmVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasJrf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVH2LsuVh0qpepPFkYcTOIVz8OAKqnAHNWgAgwE8wyu8OcJ5cd6dj0VrzslmjuEPnM8fAKSNoA==</latexit>

MS

<latexit sha1_base64="ra+Ru2NPwNW8tjRUnkq5UaD+8VU=">AAACD3icbZC7TsMwFIadcivlFmBksahATFVSVYWxgoUFqQh6kZo0clyntWonke0gRVHfgIVXYWEAIVZWNt4Gt80ALb9k6dN/ztHx+f2YUaks69sorKyurW8UN0tb2zu7e+b+QVtGicCkhSMWia6PJGE0JC1FFSPdWBDEfUY6/vhqWu88ECFpFN6rNCYuR8OQBhQjpS3PPOXeqF+FjqQcOoFAOEs9pY0b765fnWR23YmpBs8sWxVrJrgMdg5lkKvpmV/OIMIJJ6HCDEnZs61YuRkSimJGJiUnkSRGeIyGpKcxRJxIN5vdM4En2hnAIBL6hQrO3N8TGeJSptzXnRypkVysTc3/ar1EBRduRsM4USTE80VBwqCK4DQcOKCCYMVSDQgLqv8K8QjpVJSOsKRDsBdPXoZ2tWLXK7XbWrlxmcdRBEfgGJwBG5yDBrgGTdACGDyCZ/AK3own48V4Nz7mrQUjnzkEf2R8/gAhYZt4</latexit>

m2
h ⇠ y2tM

2
S

16⇡2



)( <latexit sha1_base64="6sl/tb98cAIODBtsVT4f747bhVY=">AAAB8XicbVBNTwIxEJ31E/EL9eilkZh4IrvEqEeiF46YyEeEhXRLFxra7qbtmpCFf+HFg8Z49d94899YYA8KvmSSl/dmMjMviDnTxnW/nbX1jc2t7dxOfndv/+CwcHTc0FGiCK2TiEeqFWBNOZO0bpjhtBUrikXAaTMY3c385hNVmkXywYxj6gs8kCxkBBsrPYresFueVCfdcq9QdEvuHGiVeBkpQoZar/DV6UckEVQawrHWbc+NjZ9iZRjhdJrvJJrGmIzwgLYtlVhQ7afzi6fo3Cp9FEbKljRorv6eSLHQeiwC2ymwGeplbyb+57UTE974KZNxYqgki0VhwpGJ0Ox91GeKEsPHlmCimL0VkSFWmBgbUt6G4C2/vEoa5ZJ3VXLvL4uV2yyOHJzCGVyAB9dQgSrUoA4EJDzDK7w52nlx3p2PReuak82cwB84nz/75pB3</latexit>

m
2
h|H|2

We have been looking 

for answers at energies


close to mh 

for more than 40 years

Higgs Boson

and we have 

not found them



<latexit sha1_base64="WVY0pi3UzoqsnQrB9/LvHk+SvSU=">AAAB/nicbVBNS8NAEJ3Ur1q/quLJy2IRBLEkRdSLUPTirRXsB7QhbLabdulmE3Y3QgkF/4oXD4p49Xd489+4aXvQ1gcDj/dmmJnnx5wpbdvfVm5peWV1Lb9e2Njc2t4p7u41VZRIQhsk4pFs+1hRzgRtaKY5bceS4tDntOUPbzO/9UilYpF40KOYuiHuCxYwgrWRvOJBzXPQNTqreRV0iro0Voxnesku2xOgReLMSAlmqHvFr24vIklIhSYcK9Vx7Fi7KZaaEU7HhW6iaIzJEPdpx1CBQ6rcdHL+GB0bpYeCSJoSGk3U3xMpDpUahb7pDLEeqHkvE//zOokOrtyUiTjRVJDpoiDhSEcoywL1mKRE85EhmEhmbkVkgCUm2iRWMCE48y8vkmal7FyU7fvzUvVmFkceDuEITsCBS6jCHdShAQRSeIZXeLOerBfr3fqYtuas2cw+/IH1+QMa1pOs</latexit>

O1 = �O2 + ✏

<latexit sha1_base64="WVY0pi3UzoqsnQrB9/LvHk+SvSU=">AAAB/nicbVBNS8NAEJ3Ur1q/quLJy2IRBLEkRdSLUPTirRXsB7QhbLabdulmE3Y3QgkF/4oXD4p49Xd489+4aXvQ1gcDj/dmmJnnx5wpbdvfVm5peWV1Lb9e2Njc2t4p7u41VZRIQhsk4pFs+1hRzgRtaKY5bceS4tDntOUPbzO/9UilYpF40KOYuiHuCxYwgrWRvOJBzXPQNTqreRV0iro0Voxnesku2xOgReLMSAlmqHvFr24vIklIhSYcK9Vx7Fi7KZaaEU7HhW6iaIzJEPdpx1CBQ6rcdHL+GB0bpYeCSJoSGk3U3xMpDpUahb7pDLEeqHkvE//zOokOrtyUiTjRVJDpoiDhSEcoywL1mKRE85EhmEhmbkVkgCUm2iRWMCE48y8vkmal7FyU7fvzUvVmFkceDuEITsCBS6jCHdShAQRSeIZXeLOerBfr3fqYtuas2cw+/IH1+QMa1pOs</latexit>

O1 = �O2 + ✏

Causally Disconnected 
Universes with different 
values of the Standard 

Model parameters, 
populated by eternal 

inflation



<latexit sha1_base64="WVY0pi3UzoqsnQrB9/LvHk+SvSU=">AAAB/nicbVBNS8NAEJ3Ur1q/quLJy2IRBLEkRdSLUPTirRXsB7QhbLabdulmE3Y3QgkF/4oXD4p49Xd489+4aXvQ1gcDj/dmmJnnx5wpbdvfVm5peWV1Lb9e2Njc2t4p7u41VZRIQhsk4pFs+1hRzgRtaKY5bceS4tDntOUPbzO/9UilYpF40KOYuiHuCxYwgrWRvOJBzXPQNTqreRV0iro0Voxnesku2xOgReLMSAlmqHvFr24vIklIhSYcK9Vx7Fi7KZaaEU7HhW6iaIzJEPdpx1CBQ6rcdHL+GB0bpYeCSJoSGk3U3xMpDpUahb7pDLEeqHkvE//zOokOrtyUiTjRVJDpoiDhSEcoywL1mKRE85EhmEhmbkVkgCUm2iRWMCE48y8vkmal7FyU7fvzUvVmFkceDuEITsCBS6jCHdShAQRSeIZXeLOerBfr3fqYtuas2cw+/IH1+QMa1pOs</latexit>

O1 = �O2 + ✏

<latexit sha1_base64="WVY0pi3UzoqsnQrB9/LvHk+SvSU=">AAAB/nicbVBNS8NAEJ3Ur1q/quLJy2IRBLEkRdSLUPTirRXsB7QhbLabdulmE3Y3QgkF/4oXD4p49Xd489+4aXvQ1gcDj/dmmJnnx5wpbdvfVm5peWV1Lb9e2Njc2t4p7u41VZRIQhsk4pFs+1hRzgRtaKY5bceS4tDntOUPbzO/9UilYpF40KOYuiHuCxYwgrWRvOJBzXPQNTqreRV0iro0Voxnesku2xOgReLMSAlmqHvFr24vIklIhSYcK9Vx7Fi7KZaaEU7HhW6iaIzJEPdpx1CBQ6rcdHL+GB0bpYeCSJoSGk3U3xMpDpUahb7pDLEeqHkvE//zOokOrtyUiTjRVJDpoiDhSEcoywL1mKRE85EhmEhmbkVkgCUm2iRWMCE48y8vkmal7FyU7fvzUvVmFkceDuEITsCBS6jCHdShAQRSeIZXeLOerBfr3fqYtuas2cw+/IH1+QMa1pOs</latexit>

O1 = �O2 + ✏

1. One day it can be 
tested experimentally 


2. Currently our most 
concrete explanation 
for the cosmological 
constant


3. It might exist 
independently of the 
problem 



<latexit sha1_base64="Zo2NGK+ONE1w1V60t7Uzs87/fsQ=">AAAB8HicdVDLSsNAFL2pr1pfVZduBovgKiRSrN0V3bhwUcE+pI1lMpm0Q2eSMDMRSuhXuHGhiFs/x51/4zStoKIHBg7nnMvce/yEM6Ud58MqLC2vrK4V10sbm1vbO+XdvbaKU0loi8Q8ll0fK8pZRFuaaU67iaRY+Jx2/PHFzO/cU6lYHN3oSUI9gYcRCxnB2ki3/SsTDfBddVCuOHY9B5qTWnVB6i5ybSdHBRZoDsrv/SAmqaCRJhwr1XOdRHsZlpoRTqelfqpogskYD2nP0AgLqrwsX3iKjowSoDCW5kUa5er3iQwLpSbCN0mB9Uj99mbiX14v1eGZl7EoSTWNyPyjMOVIx2h2PQqYpETziSGYSGZ2RWSEJSbadFQyJXxdiv4n7RPbPbWd62qlcb6oowgHcAjH4EINGnAJTWgBAQEP8ATPlrQerRfrdR4tWIuZffgB6+0TD1aQmw==</latexit>

⇤4

QCD Theta Angle

NEUTRON ELECTRIC 
DIPOLE MOMENT

<latexit sha1_base64="6sl/tb98cAIODBtsVT4f747bhVY=">AAAB8XicbVBNTwIxEJ31E/EL9eilkZh4IrvEqEeiF46YyEeEhXRLFxra7qbtmpCFf+HFg8Z49d94899YYA8KvmSSl/dmMjMviDnTxnW/nbX1jc2t7dxOfndv/+CwcHTc0FGiCK2TiEeqFWBNOZO0bpjhtBUrikXAaTMY3c385hNVmkXywYxj6gs8kCxkBBsrPYresFueVCfdcq9QdEvuHGiVeBkpQoZar/DV6UckEVQawrHWbc+NjZ9iZRjhdJrvJJrGmIzwgLYtlVhQ7afzi6fo3Cp9FEbKljRorv6eSLHQeiwC2ymwGeplbyb+57UTE974KZNxYqgki0VhwpGJ0Ox91GeKEsPHlmCimL0VkSFWmBgbUt6G4C2/vEoa5ZJ3VXLvL4uV2yyOHJzCGVyAB9dQgSrUoA4EJDzDK7w52nlx3p2PReuak82cwB84nz/75pB3</latexit>

m
2
h|H|2

Higgs Mass Squared

WEAK FORCE, 
STRUCTURE OF 

NUCLEI, COMPLEX 
CHEMISTRY, …

<latexit sha1_base64="EQfaVYvyZGBDZ5R0O14fnSK740k=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadmVmMct6MVjBPOAZAmzk0kyOjuzzPQKYck/ePGgiFf/x5t/4yRZQUULGoqqbrq7wlhwA5734eRWVtfWN/Kbha3tnd294v5B26hEU9aiSijdDYlhgkvWAg6CdWPNSBQK1gnvLud+555pw5W8gWnMgoiMJR9xSsBK7T5MGJBBseS5dc+vn1fxktTKGanUse96C5RQhuag+N4fKppETAIVxJie78UQpEQDp4LNCv3EsJjQOzJmPUsliZgJ0sW1M3xilSEeKW1LAl6o3ydSEhkzjULbGRGYmN/eXPzL6yUwqgUpl3ECTNLlolEiMCg8fx0PuWYUxNQSQjW3t2I6IZpQsAEVbAhfn+L/SfvM9Stu+bpcalxkceTRETpGp8hHVdRAV6iJWoiiW/SAntCzo5xH58V5XbbmnGzmEP2A8/YJMbKPkQ==</latexit>

✓



<latexit sha1_base64="Zo2NGK+ONE1w1V60t7Uzs87/fsQ=">AAAB8HicdVDLSsNAFL2pr1pfVZduBovgKiRSrN0V3bhwUcE+pI1lMpm0Q2eSMDMRSuhXuHGhiFs/x51/4zStoKIHBg7nnMvce/yEM6Ud58MqLC2vrK4V10sbm1vbO+XdvbaKU0loi8Q8ll0fK8pZRFuaaU67iaRY+Jx2/PHFzO/cU6lYHN3oSUI9gYcRCxnB2ki3/SsTDfBddVCuOHY9B5qTWnVB6i5ybSdHBRZoDsrv/SAmqaCRJhwr1XOdRHsZlpoRTqelfqpogskYD2nP0AgLqrwsX3iKjowSoDCW5kUa5er3iQwLpSbCN0mB9Uj99mbiX14v1eGZl7EoSTWNyPyjMOVIx2h2PQqYpETziSGYSGZ2RWSEJSbadFQyJXxdiv4n7RPbPbWd62qlcb6oowgHcAjH4EINGnAJTWgBAQEP8ATPlrQerRfrdR4tWIuZffgB6+0TD1aQmw==</latexit>

⇤4

QCD Theta Angle Higgs Mass Squared

<latexit sha1_base64="ma+UfmhlM36qjYZYXr8c47nWIGQ=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARXJWklOqy6MaNUMFeoEnDZDpph84kYWYihJC3cOOruHGhiFvd+TZO2yy09YeBj/+cw5nz+zGjUlnWt1FaW9/Y3CpvV3Z29/YPzMOjrowSgUkHRywSfR9JwmhIOooqRvqxIIj7jPT86fWs3nsgQtIovFdpTFyOxiENKEZKW55Z495kWIeOpBw6gUA4Sz2ljVsvcwSHbZYP63lmN6ETU02eWbVq1lxwFewCqqBQ2zO/nFGEE05ChRmScmBbsXIzJBTFjOQVJ5EkRniKxmSgMUScSDeb35XDM+2MYBAJ/UIF5+7viQxxKVPu606O1EQu12bmf7VBooJLN6NhnCgS4sWiIGFQRXAWEhxRQbBiqQaEBdV/hXiCdDpKR1nRIdjLJ69Ct16zm7XGXaPauiriKIMTcArOgQ0uQAvcgDboAAwewTN4BW/Gk/FivBsfi9aSUcwcgz8yPn8AGViepA==</latexit>

m2
h ⇠ y2tM

2
Pl

16⇡2

SYMMETRY-BASED ESTIMATESYMMETRY-BASED ESTIMATE

<latexit sha1_base64="98L0Dix+/aKdvMAqemjC+HUqseI=">AAACA3icdVDJSgNBEO2JW4zbqDe9NAYhXoYZiVluQS/ejGAWyAyhp9NJmvQsdNcIYQh48Ve8eFDEqz/hzb+xswgq+qDg8V4VVfX8WHAFtv1hZJaWV1bXsuu5jc2t7R1zd6+pokRS1qCRiGTbJ4oJHrIGcBCsHUtGAl+wlj+6mPqtWyYVj8IbGMfMC8gg5H1OCWipax64MGRAsKt4gN2AwJASkV5NCs5J18zbVtV2qmdlPCeV4oKUqtix7BnyaIF613x3exFNAhYCFUSpjmPH4KVEAqeCTXJuolhM6IgMWEfTkARMeenshwk+1koP9yOpKwQ8U79PpCRQahz4unN6pfrtTcW/vE4C/YqX8jBOgIV0vqifCAwRngaCe1wyCmKsCaGS61sxHRJJKOjYcjqEr0/x/6R5ajklq3hdzNfOF3Fk0SE6QgXkoDKqoUtURw1E0R16QE/o2bg3Ho0X43XemjEWM/voB4y3T3VNl24=</latexit>

✓ ⇠ O(1)



<latexit sha1_base64="YDXDcCO52Y5JfCsntGPFi+b4yr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseilx4r2A9oQ9hst+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1LDpVC8hQIl7yaa0yiUvBNO7ud+54lrI2L1iNOE+xEdKTEUjKKVOo3AI42gFpQrbtVdgKwTLycVyNEMyl/9QczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmQYaxtKSQL9fdERiNjplFoOyOKY7PqzcX/vF6Kw1s/EypJkSu2XDRMJcGYzH8nA6E5Qzm1hDIt7K2EjammDG1CJRuCt/ryOmnXqt511X24qtTv8jiKcAbncAke3EAdGtCEFjCYwDO8wpuTOC/Ou/OxbC04+cwp/IHz+QPVsI6V</latexit>

H1H2

Protected by the Z2 symmetry 

<latexit sha1_base64="OciQpV6msnZskh0NzveQTGXpZis=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIbixJqeiy6KbLCvYBbQiT6aQdOpmEmYlQQsFfceNCEbd+hzv/xmmbhbYeGDhzzr3ce0+QcKa043xbhbX1jc2t4nZpZ3dv/8A+PGqrOJWEtkjMY9kNsKKcCdrSTHPaTSTFUcBpJxjfzfzOI5WKxeJBTxLqRXgoWMgI1kby7ZOG76KGX0V9HaNLlP98u+xUnDnQKnFzUoYcTd/+6g9ikkZUaMKxUj3XSbSXYakZ4XRa6qeKJpiM8ZD2DBU4osrL5utP0blRBiiMpXlCo7n6uyPDkVKTKDCVEdYjtezNxP+8XqrDGy9jIkk1FWQxKEw5MqfOskADJinRfGIIJpKZXREZYYmJNomVTAju8smrpF2tuFcV575Wrt/mcRThFM7gAly4hjo0oAktIJDBM7zCm/VkvVjv1seitGDlPcfwB9bnDwAmku8=</latexit>

H1H2 ! �H1H2

H1H2 without Z2 first considered as 
‘paleo’-trigger in: [Espinosa, 

Grojean,Panico, Pomarol, Pujolas ’15],
[Dvali, Vilenkin ’01]. Today these models 
require two coincidences of scales to be 

alive at the LHC.

[Arkani-Hamed, RTD, Kim, ’20]



<latexit sha1_base64="2DQIHGomfc8aOLbm6eq3vjQLEgo="></latexit>

VH1H2 = m
2
1|H1|2 +m

2
2|H2|2 +

�1

2
|H1|4 +

�2

2
|H2|4

+�3|H1|2|H2|2 + �4|H1H2|2 +
✓
�5

2
(H1H2)

2 + h.c.

◆

<latexit sha1_base64="B8QKMYgNtyXTR8YqabbrqmtstnE=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEF1JmRK2bQqkblxXsAzrDkMmkbWiSGZKMUIaCv+LGhSJu/Q53/o1pOwttPRA4nHMP9+aECaNKO863VVhZXVvfKG6WtrZ3dvfs/YO2ilOJSQvHLJbdECnCqCAtTTUj3UQSxENGOuHodup3HolUNBYPepwQn6OBoH2KkTZSYB81PJ7WPGYSEQqy63NYndScwC47FWcGuEzcnJRBjmZgf3lRjFNOhMYMKdVznUT7GZKaYkYmJS9VJEF4hAakZ6hAnCg/m50/gadGiWA/luYJDWfq70SGuFJjHppJjvRQLXpT8T+vl+r+jZ9RkaSaCDxf1E8Z1DGcdgEjKgnWbGwIwpKaWyEeIomwNo2VTAnu4peXSfui4l5VnPvLcr2R11EEx+AEnAEXVEEd3IEmaAEMMvAMXsGb9WS9WO/Wx3y0YOWZQ/AH1ucPZ3yUeA==</latexit>

Bµ = �6,7 = 0

<latexit sha1_base64="gNTK5UTeMOsIJ4KP3bUYtm7RbBQ="></latexit>

H1H2

�
Bµ+ �6|H1|2 + �7|H2|2

�

[Arkani-Hamed, RTD, Kim, ’20]
TYPE-0 2HDM



<latexit sha1_base64="Mf8Uwp4mfI4vp639BJmPA0sHkkE="></latexit>

m2
H

⇠ �1v
2
1  m2

h
= (125 GeV)2

[Arkani-Hamed, RTD, Kim, ’20]
TYPE-0 2HDM



For quarks and leptons we choose the phenomenologically 
safest Z2 charge assignments

This gives

<latexit sha1_base64="YNhWm2M3HY1EriYmscvrnMveByg=">AAACQXicbZBLS8NAFIUn9VXrK+rSzWARKmhJiqjLopsuK9gHNDFMJtN26OTRmYlQQv+aG/+BO/duXCji1o3TNNhavTDwcc693LnHjRgV0jCetdzS8srqWn69sLG5tb2j7+41RRhzTBo4ZCFvu0gQRgPSkFQy0o44Qb7LSMsdXE/81j3hgobBrRxFxPZRL6BdipFUkqO3a04FWjKEp1DRCbSGMfJgaRjf4eNUnuLM8GaGN28w8mOk6OhFo2ykBf+CmUERZFV39CfLC3Hsk0BihoTomEYk7QRxSTEj44IVCxIhPEA90lEYIJ8IO0kTGMMjpXiwG3L1AglTdX4iQb4QI99VnT6SfbHoTcT/vE4su5d2QoMoliTA00XdmEF16CRO6FFOsGQjBQhzqv4KcR9xhKUKvaBCMBdP/gvNStk8L1duzorVqyyOPDgAh6AETHABqqAG6qABMHgAL+ANvGuP2qv2oX1OW3NaNrMPfpX29Q3MFKsh</latexit>

H2 ! �H2, (quc) ! �(quc), (qdc) ! �(qdc), (lec) ! �(lec)

[Arkani-Hamed, RTD, Kim, ’20]
TYPE-0 2HDM



Sharp target for HL-LHC and FCC 

which can’t be decoupled!


(See also the next slide)

[Arkani-Hamed, RTD, Kim, ’20]
TYPE-0 2HDM



[Arkani-Hamed, RTD, Kim, ’20]


